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Editorial 


SHORE ECOLOGY. 


THE two-day Symposium held at the beginning of July last year was the first that the 
Association has initiated and organised itself. In the future such long meetings will be an annual feature 
of the programme, giving opportunity for the discussion of the wider aspects of behaviour work. 


One of the main lines of research in Marine Biology has been into the distribution of animals 
living in or close to the sea. A great deal of information has been amassed on the zonation of animals 
on the shore and on the ways in which they have become adapted to their particular dwelling places. 
Moreover, it is only comparatively recently that attention has been directed to the causes which confine 
these animals into definite areas, often with very narrow limits. It is not only a question of the death 
of those animals which fail to be in the right area, a concomitant of random scattering, but on actual 
search for the right areas by those animals. This is beginning to appear as the interaction of a great 
number of behaviour patterns, site selection in the early stages playing a major part, but being re- 
inforced later in life by feeding preferences, reproductive necessities, and other factors. 


Research into the behaviour of an animal to discover the patterns which are responsible 
for its stabilisation in a particular niche, rather than a laboratory study into an isolated pattern illus- 
trated by a particular animal, forms the background of all ecological work, whether on land or water 
fauna. 


The papers abstracted in the present number of the Journal give some idea of the very wide 
range of problems presented by the behaviour of animals on the different parts of the shore. The 
interest shown in these papers augurs well for the future of such longer meetings. 


J. D. CARTHY 
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A persistent theme in the study of behaviour, 
one that has dominated psychological thought 
since Locke and Leibnitz at least, has been 
the question: What is inborn, what acquired ? 
Is the mind tabula rasa ? If there are no innate 
ideas, is there not some framework prior to 
all experience into which experience is received 
and by which it must be shaped ? Is intelligence 
inherited, or in what proportion ? And so with 
schizophrenia, visual form and depth, maternal 
behaviour, gregariousness, pugnacity, even 
spinal reflexes—there is no aspect of behaviour 
with which this debate has not been concerned 
at one time or another. 


So far as I can now see, even to ask the 
question, in the form in which it is usually 
asked, is a symptom of confusion; a confusion, 
it may be added, to which I have myself con- 
tributed as handsomely as I was able. My 
suspicion is that I am still confused, but I hope 
that with your criticism and discussion we 
may jointly make some progress in clarification 
of the ideas involved, not being concerned if a 
final agreement among us this afternoon is 
too much to ask. 


In view of what is to follow, it should be 
said that here my bias is on the nativistic! side. 
If a choice had to be made, I would support— 
as I have in fact supported—Hobhouse and 
Kohler against Thorndike and Holt, Lashley 
against Watson, Kallman against Alexander, 
as a corrective against the common over- 
emphasis by psychologists and psychiatrists on 
experience and learning in behaviour. This is 


* This is the subtance of an address to the Association 
for the Study of Animal Behaviour, London, May 
14th, 1952. The address was made from notes only, 
not a written text, and in some minor respects the 


present paper may deviate from what was said at 
the meeting. 


! This term may need explanation. The repeated denial 
that Gestalt psychology is nativistic is unintelligible 
to me, in view of the powerful Gestalt criticism 
of empiricistic treatments of perception and intelligence 
unless “nativism” is considered to have its 19th 
Century meaning of innate ideas, so it should be noted 
that my use of the term implies only an opposition 
to extreme empiricism, or an emphasis on the obvious 
importance of hereditary factors in behaviour. 


Heredity and Environment in Mammalian Behaviour” 


D. O. HEBB 
McGill University, Montreal, Canada 


what I would be inclined still to do, if I had to 
choose sides; but the fact is that we have no 
such choice. 


We cannot dichotomize mammalian behaviour 
into learned and unlearned, and parcel out 
these acts and propensities to the nativist, those 
to the empiricist. My first example is from 
Dennis (1940) : “Rage . . . is unlearned in this 
sense, that when the child has developed a 
purposive sequence of behaviour which can be 
interfered with, he will exhibit ‘rage’ on the 
first occasion on which this interference occurs.” 
The behaviour is unlearned; but it is not possible 
without the learning required for the develop- 
ment of purposive behaviour. Again, the first 
time a chimpanzee baby of a certain age sees a 
stranger approach he is terrified. The reaction 
is strongest on the first occasion, it does not 
have to be practised, and we must say that the 
shyness is not learned: but it is definitely a 
product of learning, in part, for it does not 
occur until the chimpanzee has learned to 
recognize his usual caretakers. The shyness 
or fear of strangers appears at about four 
months of age, or six months in the human 
baby. The chimpanzee reared in darkness to an 
age at which the fear is normally at its peak is 
not disturbed by his first sight of a stranger, but 
is disturbed by it as soon as he has had sufficient 
opportunity to learn to recognize those who care 


for him daily. 


Fear of strangers, therefore, or a temper 
tantrum is not learned and yet is fully dependent 
on other learning. Do we then postulate three 
categories of behaviour, (1) unlearned, (2) 
unlearned but dependent on learning, (3) 
learned ? Perhaps instead we had better re- 
examine the conception of unlearned versus 
learned behaviour. 


The two examples given are not isolated 
phenomena. The neurotic disturbances in dog, 
cat, sheep or goat described first by Pavlov 
(1928), and studied further by Gantt (1944), 
Liddell (1938), and Masserman (1943), depend 
on a conflict between learned modes of response 
and yet the breakdown itself is clearly not 
learned. Insight in the chimpanzee, as Kohler 
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(1927) showed, is the occurrence of an un- 
learned solution to a problem; but Birch 
(1945) has shown that other experience must 
precede. I shall not multiply examples, but can 
refer you here to the finding that mammalian 
perceptions in general appear to depend, 
not on formal training, it is true, but on a 
prolonged period of patterned sensory stimu- 
lation (Senden, 1932; Riesen, 1947, 1950, 1951; 
Nissen, Chow & Semmes, 1951). A paper of 
my own is on record to the contrary (Hebb, 
1937), a clear case of a biased failure to observe, 
since the same paper included data whose 
significance I did not see until certain physiolog- 
ical considerations had suggested another point 
of view (Hebb, 1949, pp. 42, 113). All that a 
mammal does is fundamentally dependent on 
his perception, past or present, and this means 
that there is no behaviour, beyond the level of 
the reflex, that is not essentially dependent on 
learning. 

It is equally clear that no behaviour can be 
independent of an animal’s heredity : this is so 
obvious, logically, that it need not be spelt 
out. Our conclusion then is, that all behaviour 
is dependent both on heredity and on environ- 
ment, and all non-reflex behaviour at least in- 
volves the special effects of environmental stimu- 
lation that we call learning. 

Assuming that this is conceded, however, 
the question may still be asked, to what extent 
a given piece of behaviour is dependent on one 
of these influences. Is it fifty-per-cent environ- 
ment, fifty-per-cent heredity, or ninety to ten, or 
what are the proportions ? This is exactly like 
asking how much of the area of a field is due 
to its length, how much to its width. The only 
reasonable answer is that the two proportions 
are one-hundred-per-cent environment, one- 
hundred-per-cent heredity. They are not ad- 
ditive; any bit of behaviour whatever is full) 
dependent on each. What proportion of an 
animal’s behaviour would be left if there had 
not been, since the moment of fertilization, the 
highly specialized environment necessary for 
the growth of the embryo; or what basis is there 
for thinking of this environment as not causal, 
but only permissive, in determining the direction 
of embryonic growth ? The newborn mammal 
is “caused” by a uterine environment acting on 
a fertilized ovum. Contrariwise, without the 
fertilized ovum and its special properties no 
behaviour can result; learned behaviour, further, 
can never be thought of as something apart 
from the heredity that made possible a particular 


kind of sensory structure and nervous system. 


The last alternative is to ask how much of the 
variance of behaviour is determined by heredity, 
how much by theenvironment. This is a mean- 
ingful and useful question, capable of an 
intelligent answer, but the limits of meaning of 
the answer must be recognized. If for example 
by inbreeding we produce a strain of dogs in 
which heredity is constant and all the variance 
of behaviour can be attributed to environment, 
we have not in any way reduced the importance 
of heredity for the behaviour in question. In 
other words, such an “analysis of variance” 
cannot be translated into a statement of causal 
relations for the individual animal. This is 
seen best if we classify one of our hypothetical 
inbred dogs in two ways: (a) as above, treat 
the animal statistically as one of a group with 
common heredity but different environmencs, 
and (6) as one of a group reared precisely as 
that one animal was, but with varying heredities 
(this latter set of conditions might be achieved, 
including a common uterine environment, by 
mating a group of inbred bitches to males of 
diverse breeds). If the proportionate variance 
is regarded as an estimate of the relative im- 
portance of heredity and environment for the 
individual animal’s behaviour, then we should 
have to conclude (a) that environment is the 
only important determinant, and (6) that 
hereditary is the only important determinant, 
for the same dog’s behaviour. If again, eighty 
per cent of the variance of neuroticism in a 
particular district of London is due to variations 
of heredity (Eysenck & Prell, 1951), this 
does not make environment less important than 
heredity for the behaviour in question. It may 
mean only that the relevant environmental 
influences are much the same throughout that 
district, and it does not preclude finding another 
sample of human beings with more similar 
heredity and less similar experiences, such that 
the degree of neuroticism varies with environ- 
ment rather than heredity. 

Analysis of variance, in the present sense, 
is an excellent tool for studying the interaction 
of heredity and environment, but entirely mis- 
leading if it is interpreted as isolating things 
that are inherited and things that are acquired. 
We are on solid ground if we think consistently 
of all behaviour as “caused by” or fully 
dependent on both environment and heredity, 
and cast our research in the form of asking 
how they interact: for each given heredity, 
asking over what range behaviour can vary, 
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and how it can be manipulated by control of 
the environment (not only the postnatal environ- 
ment); or what different heredities will permit 
survival in each given environment, and how 
behaviour is correlated with them. To misuse 
another term of the statisticians’, what we 
want is an analysis of covariance rather than 
analysis of one variable while forgetting the 
other. 

Here the significance of the theoretical 
analysis by Haldane (1946) is plain. We cannot 
generalize freely from one small part of either 
continuum, hereditary or environmental. The 
heredity that is “‘good” in one part of the 
environmental range may be poor in another, 
as in Haldane’s example of the beef-producing 
qualities of Aberdeen Angus and Galloway 
cattle in favourable and unfavourable environ- 
ments. In the parallel case of man’s intelligence 
and mental health, the heredity that gives best 
results in an optimal environment may give 
the worst in a poor one. We can say nothing 
about such possibilities (obviously of first 
significance for ideas about eugenics) on the 
basis of data obtained in a naturalistic study, 
with a limited sample of heredities and a 
limited range of environmental variation. The 
necessary experiments being impossible with 
man, we clearly need systematic animal studies 
in which for any given species the widest range 
of genetic variation is studied over the widest 
sample of feasible environments, from which 
for the mental health problem, we must cautious- 
ly extrapolate to man. 

In all this, of course, we are really dealing 
with the question of instinct. | am considerably 
indebted in my discussion to a recent address 
by Professor Frank Beach, entitled ‘“‘The De- 
Scent of Instinct,” in which he recants his 
earlier view that instinct is a scientifically useful 
conception. Whether his conclusions are 
accepted or not, some of his points must be 
reckoned with. 

Much of Beach’s emphasis is on the consist- 
ently negative definition of instinct or instinctive 
behaviour : instinctive behaviour is what is 
not learned, or not determined by the environ- 
ment, and so on. There must be great doubt 
about the unity of the factors that are identified 
only by exclusion. There is also a common 
tendency to identify unlearned with genetically- 
determined behaviour, and Beach points out 
that the chemical environment of the mammalian 
embryo, and nutritive influences on the in- 
vertebrate larva, are factors in behaviour 


which do not fall either under the heading of 
learning or under that of genetic determinants. 
(One might cite here the significance of the 
“royal jelly” in the development of the queen 
bee, or the fact that the temperature at which 
the fruit-fly larva is kept determines bodily 
characteristics such as the number of legs, a 
feature which of course must affect behaviour). 
If thus “‘instinctive” is to be equated with 
“‘unlearned,” it cannot also be equated with 
“genetic.” Very often when behaviour is 
attributed to purely genetic determinants no 
real experimental control of environmental 
influence has been made; and very often learning 
is excluded simply on the ground that no 
obvious opportunity for it was observed by the 
experimenter. 

Let us look at this last point more closely. 
The crucial but implicit assumption has always 
been made in the study of instinct that we know 
what learning is and how it operates. The 
notion is that learning, if relevant to the in- 
stinctive act, is the practice of that act or a 
closely related one—at the very least, observa- 
tion of the act by another animal. If therefore 
there has been no opportunity for such observa- 
tion, and no practice, and the act is performed 
effectively when the proper circumstances come 
along, we say that the behaviour is unlearned 
and thus instinctive. But, as I have already 
tried to show, to say that behaviour is unlearned 
does not mean that it is independent of learning. 

For our present purposes, I shall use “‘learn- 
ing” to refer to a stable unidirectional change 
of neural function, resulting from sensory 
stimulation (including the stimulation that 
results from response). There is a great deal that 
we do not know about learning, and we cannot 
assume that we know what conditions determine 
it. The occurrence of learning may be far 
from obvious. There is a great deal of visual 
learning, in the sense of my definition, in the 
period when the young mammal first opens its 
eyes on the world, though nothing but physical 
growth seems to be going on, and the fact 
of learning can only be discovered by comparing 
the normal infant with one reared without 
pattern vision. The experiment of Nissen, 
Chow & Semmes (1951) makes the same 
point concerning somesthetic learning, in the 
period when the baby seems only to be thrashing 
about aimlessly. This experiment is very im- 
portant as showing that the importance of early 
learning demonstrated by Senden (1932) and 
Riesen (1947, 1950, 1951) is not restricted to 


THE BRITISH JOURNAL OF ANIMAL BEHAVIOUR 


visual function. What Nissen, Chow & 
Semmes did was to raise an infant chimpanzee 
with cardboard mailing-tubes over hands and 
feet, thus preventing normal tactual exploration 
of the environment and of the chimpanzee’s 
own body. Subsequently, somesthetic learning 
and localization of tactual stimulation of 
various points on the body were defective. 
The conditions of rearing could hardly produce 
any failure of development in primary sensory 
equipment of the skin, so it appears that the 
more or less random tactual experience of the 
normally reared infant is essential to the develop- 
ment of somesthetic perception. 


Such early visual and somesthetic learning 
must modify all subsequent behaviour; and there 
are strong indications that this does not apply 
only to “higher” behaviour but to instinctive 
and even to reflexive responses as well. The 
supposedly instinctive grooming of the chim- 
panzee was not found in Nissen, Chow & 
Semmes’ animal, and responses to pain stimuli, 
usually considered reflexive, were atypical. 
The preliminary experiments of Riess and of 
Birch (cited by Beach, 1951, p. 424) on the 
relation of early experience to maternal be- 
haviour in rats, Lorenz’s studies of imprinting 
in birds and Thorpe’s studies of early environ- 
mental influences on the subsequent behaviour 
of both birds and insects, all imply that the 
behaviour that ordinarily is ‘“‘species-predict- 
able,” and independent of special experience, 
is not independent of the experience that is 
ordinarily inevitable for all members of the 
species. It has appeared to me in the past that 
instinctive behaviour, especially in nonmammals, 
is correlated closely with unvarying genetic 
factors and not with the varying environment. 
But is this true ? Is the environment so com- 
pletely variable? It seems to me now that 
certain essentials of the environment are 
actually constant—just as constant as_ the 
animal’s heredity; and therefore that we have 
no logical basis for giving the one correlation, 
that with heredity, any greater emphasis than 
the other correlation, with environment. 


I propose consequently that we must study 
both variables together, in the nonmammalian 
world as well as the mammalian. My difficulty 
with the ethological programme as laid out by 
Tinbergen, in terms of first studying the innate 
before studying learning, is that it is logically 
impossible. “Innate behaviour is behaviour that 
has not been changed by learning processes” 


(Tinbergen, 1951, p.2) and we must know when 
and where learning occurs before we can say 
what this behaviour is; just as the “learning 
theorist” must know what growth processes 
do to behaviour before he can certainly say 
what learning does in the growing infant. 
Evidently we cannot separate the two tasks; 
they must be carried out together. 


It seems to me therefore that the ethologist 
is in fact studying learning perhaps without 
always intending to do so, just as the psycholog- 
ist who works out the rules of learning for the 
laboratory rat is, again perhaps without in- 
tending it, really defining the hereditary 
potential of this animal’s behaviour. Psycho- 
logists need the co-operation of the ethologists 
with their biological background and _ their 
demonstrated brilliance in experimental analysis. 
Psychology in North America has often been 
narrow, short-sighted, in its emphasis on one 
factor in behaviour : I should like to urge that 
ethology should not vie in narrowness, in 
another direction. Actually, North American 
psychologists, like their colleagues in England 
and elsewhere, are now generally alive to the 
great significance of your ethological studies 
(although as one might expect there are differ- 
ences of opinion when it comes to interpretation) 
and it seems if our lines of communication 
can be kept open that there are great scientific 
benefits to be had, in the recognition that 
in the study of certain variabilities in behaviour 
(learning) and in the study of certain con- 
stancies of behaviour (instinct) it is the same 
problem that is being attacked. After all, 
ethology, defined as the scientific study of 
behaviour (Tinbergen, 1951), is coterminous 
with psychology, which has the same definition. 


Much of the apparent disagreement between 
the two disciplines is in matters of terminology, 
in verbal statements of problem or conclusions, 
so I shall sum up my remarks by returning to this 
question: what sort of statement can be usefully 
and logically made about the relationship be- 
tween environment or heredity, on the one 
hand, and behaviour on the other? 


I would not suggest for a moment that the 
problems in this area are unreal; I do suggest 
that they have been poorly stated, inasmuch 
as we cannot dichotomize behaviour into 
learned and unlearned, environmentally deter- 
mined and hereditarily determined. I urge that 
there are not two kinds of control of behaviour, 
and that the term “instinct,” implying a mechan- 


is 
p 
al 
n 
b 
di 
al 
ir 
b 
de 
ct 
cl 
in 
te 
tr 
at 
al 
= st 
m 
re 
in 
tv 
a 
n 
he 
by 
n 
he 
ca 
di 
en 
su 
st 
di 
al 
to 
= be 
be 
bt 
ar 
in 
46 


\inous 
ition. 
tween 
dlogy, 
sions, 
(0 this 
efully 
ip be- 
> one 


at the 
uggest 
smuch 

into 
deter- 
e that 
viour, 
chan- 


ism or neural process independent of environ- 
mental factors, and distinct from the neural 
processes into which learning enters, is a 
completely misleading term and should be 
abandoned. “Instinctive behaviour” may be 
nearly as misleading, but it might be kept as a 
convenient designation for species-predictable 
behaviour, as long as it is thought of, not as 
determined by an invariant heredity alone, but 
also by an environment that is equally invariant 
in most or all important matters. Instinctive 
behaviour therefore is not valid as an analytical 
conception, though it may be useful as a rough 
descriptive term. 


However, it is not enough to make destructive 
criticism alone, especially in a field where it is 
clear that important theoretical issues are 
involved. However well or ill-conceived the 
term instinct may be, or how well-framed the 
traditional question of environmental or heredit- 
ary control of behaviour, there is something 
here that we must deal with theoretically and 
about which we must be able to make positive 
statements. 


In distinguishing hereditary from environ- 
mental influence, therefore, I conclude that it is 
reasonable and intelligible to say that a difference 
in behaviour from a group norm, or between 
two individuals, is caused by a difference of 
heredity, or a difference of environment; but 
not that the deviant behaviour is caused by 
heredity or environment alone. The fact that we 
speak English instead of French is determined 
by environment alone; but speaking English is 
not caused by environment independent of 
heredity, for no environment can make a dog or 
cat (or chimpanzee) speak either language, 
English or French. Making the reference to a 
difference or deviation really implies, With 
environment held constant, heredity has such and 
such effects (or vice versa, with heredity con- 
stant); it does not say that the behaviour is 
due to heredity alone. If this is correct, we can 
also quite accurately speak of the variance due 
to environment or heredity : variance again 
being a reference to deviations. We will, I 
believe, not only pay a proper respect to logic 
but also plan our experiments better if we speak 
and think of the effect that environmental 
influence has on a given heredity, or, in dealing 
with the differences between heredities, specify 
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the environment in which they are manifested. 
The behaviour one can actually observe and 
experiment with is an inextricable tangle of the 
two influences, and one of them is nothing 
without the other. 
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Display and Mating Behaviour of the Black Grouse 
Lyrurus Tetrix (L.) 


A 
By E. O. HOHN. 
Department of Physiology, Guy’s Hospital, London, and Department of Physiology 
and Pharmacology, University of Alberta, Edmonton, Alberta, Canada 


Introduction 


The courtship displays of male grouse are 
generally spectacular performances. They include 
special sound effects which are often weird 
to the human ear and which though generally 
produced vocally, may in some cases, as in the 
drumming of the Ruffed Grouse, be produced 
by vibratory limb movements. Visual effects 
are achieved by display postures which throw 
into prominence brightly or contrastingly 
coloured areas. These display postures entail 
not only unusual positions of the body and 
limbs but also special arrangements of certain 
feather groups as in fanning or erection of the 
tail or drooping of the semi extended wing. 
Locomotory movements, often of a grotesque 
nature link the various postures into a behaviour 
pattern which is so ritualized as to be very 
reminiscent of certain types of ballet or the 
danéts of primitive human races. In this con- 
nection it is of interest to note that certain 
Western Canadian Indians have a ‘“‘chicken 
dance” 
Tailed Grouse (locally misnamed prairie 
chicken). 


Secondary sex character such as gular sacs 
or orbital excrescences play a prominent part 
in male display and these structures generally 
show a pattern of annual recrudescence during 
the spring mating period and the less marked 
autumnal display shown by certain species. 
In several species display and the associated 
agressive behaviour of rival males takes place 
on collectively used traditional sites which in the 
case of Black Grouse are termed “‘leks” and 
“dancing grounds” in the case of North 
American grouse. All these general features 
are well illustrated in the display of the Black 
Grouse. 


The observations to be described below 
were carried out at a group of leks at Hay 
Head in North Staffordshire during the years 
1941-1947. They were therefore made on 
British Black Grouse (Lyrurus tetrix britannicus) 


based on the display of the Sharp © 


but there is no evidence that the behaviour of 
this (only superficially distinct) subspecies 
differs from that of the type species of continental 
Europe (L)rurus t. tetrix). The dates of system- 
atic observations on display made at Hay Head 
are tabulated below, all dates are inclusive. 
Watch was kept, generally from behind a 
freestone wall field enclosure with binoculars 
and note book; for periods of at least an hour, 
but generally larger during the morning (M) 
or evening (E) display periods on the dates 
specified. 


1941 May Ist M_ discovery of the lek 
by the observer; it was 
already well known to 
local residents. 

1943 April 16 M&E 

1944 April 3-8 


Sept. 27-29 


M&E 
M & E Autumn display. 


1945 April 16-20 M&E 


1946 Sept. 21-27 M&EAutumn display. 


1947 Sept. 18 M &E Autumn display. 


Observations in the same area made outside 
the periods of regular display are not tabulated. 
An account of certain features of the morning 
display of April, 1946, at Hay Head is also 
available (Ashby, 1947). Much information on 
the habits of the local Black Game was pro- 
vided by G. Benison, head keeper at Hay Head, 
and some of his observations are referred to 
below followed by the indication (G.B.). 


A general programme of observations and 
experiments to be continued for an indefinite 
period was planned by the author but was 
curtailed on his emigration to Canada in 1947. 
This study is therefore in many ways incomplete. 
Nevertheless, the considerable literature on 
the display of Black Grouse and the present 
observations make a fairly complete descriptive 
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account available. It was felt permissible, on 
this basis, to attempt an admittedly speculative 
interpretation or analysis of certain aspects of 
the behaviour pattern involved. In connection 
with the interpretative sections, it should be 
pointed out that a full account of a pattern of 
sexual behaviour is not possible in terms of 
ethological concepts alone. Purely anatomical 
and physiological factors, particularly the 
participation of the central nervous system and 
the sex hormones must also be considered. 
From such a wider view point many gaps in 
our understanding of the display and mating 
behaviour of this relatively extensively studied 
species becomes obvious. 


Because of the wide distribution of Black 
Grouse in Europe and Northern Asia as a 
prized game bird throughout its range; accounts 
of the species which make some reference to its 
striking display are no doubt available in most 
European languages. It has not been possible 
to examine all these writings but reference is 
made to most scientific publications on display 
of this species in English or German during 
the present century. Certain pertinent public- 
ations on the display of related species are also 
referred to. 


North Staffordshire Black Game and their Leks 


The moors of N. Staffs. form the southern 
extremity of the Pennine chain and extend 
southwards from the vicinity of Buxton, as a 
broad ridge between the headwaters of the 
rivers Dove and Dane. Black game are dis- 
tributed only along the Eastern and Western 
flanks of this ridge. The areas in which they are 
regularly found thus follow fairly closely the 
1,000 foot contour. This belt contains the zone 
of transition between heather moorland and 
rough meadowland. In it are also found the 
highest patches of woodland and mowing 
meadows in the district. It is estimated (by G.B. 
and the writer) that there are about 100 male 
and about an equal number of female birds on 
each flank of the high ground. The black grouse 
of this area are resident, though there is some 
tendency for birds to straggle down the Dove 
Valley and a bird, no doubt from the area 
under consideration, has been shot near Matlock, 


-about 18 miles S.E. (G.B.). The males are 


generally seen in small groups at all times of 
the year, females more often singly. Birds 
of both sexes are seen together on the leks only 
at the time of mating; or in the vicinity of the 
leks when feeding, at any time of the year. 
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However, this is merely due to the fact that an 
area particularly favourable for feeding attracts 
birds of both sexes between which no particular 
social bond exists, for on disturbance, these 
gatherings split up according to the sexes of the 
components. In autumn, however, true mixed 
flocks of females and immature males, recogniz- 
able by their brownish heads, were seen at 


Fig. 1. Areas of regular occurrence of Black Grouse 
(shaded) and situation of leks (O) in Eastern area. 
Land over 1000 feet stippled. 

It appears that the males which display on 
the same lek form a social group which persists 
throughout the year, e.g., on January, #th, 
1942, about 3 p.m., 5 males were standing 
miserably in a row on the snow on lek B at 
Hay Head. On the eastern flank the zone in 
which Black Game occur is about five miles 
long and one mile wide and in this area three 
leks are known, each about one mile from the 
next (Fig. 1). All three were on mowing grass; 
on the upper reaches of the river Dove and on 
two of its tributaries respectively. All had some 
woods in the vicinity. This agrees exactly with 
Lack’s findings (1939) in the forest of Rothie- 
murchus in Inverness. In both cases heather 
clad areas, which predominate in both districts, 
are not used as displaying grounds. The Stafford- 
shire leks appeared also to be typified by being 
on meadows which were visible from every 
direction. The present observations were all 
made at the southern lek (on the eastern side 
of the ridge) at Hay Head. This lek has been 
regularly used by Black Grouse for at least 
47 years (the landowner in correspondence) 
and very probably before that time. The use 
of the same displaying grounds year after year 
is apparently typical of those tetraonids in which 
display is communal. It applies to Sage Grouse 
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(Scott 1942), Greater Prairie Chicken (Bent 
1932), Lesser Prairie Chicken and Sharp Tailed 
Grouse (Bent 1932), although it should be 
added that Lehman, 1941, reports that in the 
southern form of the Greater Prairie Chicken 
(Attwater’s) display grounds are often in 
different places in the successive years. A 
firmly established lek appears to continue to be 
used in spite of considerable human inter- 
ference, thus one or more drives over shooting 
buts are regularly held at the Hay Head lek 
every autumn. Similarly Sage Grouse leks 
continue to be used after motor roads have been 
made across them (Scott 1942) and this has also 
been observed in the Sharp Tailed Grouse 
(personal communication of Prof. W. Rowan). 
It should be noted however that traffic on such 
roads is very light by European standards 
particularly during the hours when grouse 
display more actively. Undoubtedly the amount 
of disturbance which grouse will tolerate is 
limited and extensive disturbance will probably 
cause their disappearance from well established 
displaying grounds. In all the species mentioned 
above, the primary requirement of a lek site 
appears to be the absence of cover and visibility 
over a range of about a quarter mile at least, 
from all directions (leks of the Sharp Tailed 
Grouse are typically on knolls); this presumably 
insures that the displaying birds shall be readily 
visible to members of the same species. In 
Black Grouse, the leks are also favourite 
feeding grounds and are used as feeding areas 
by a number of birds at all seasons. This applies 
both to N. Staffs. and to Rothiemurchus. 
Yeates, 1936, states of leks in the latter area 
that the sites seemed to be used as much for 
feeding as for fighting. 

The Lek at Hay Head was composite (see 
Fig. 2). A was occupied by a single displaying 
bird every morning during my stay in April 
and again in September, 1944. The main lek 
at B was a large meadow sloping gently to the 
east and enclosed by a 34 foot high stone wall. 
A large farm stands at one end of this meadow 
and the cart track from the road to the farm 
follows the boundary wall on that side of the 
meadow which was used ,as the displaying 
ground. This lek was in regular use for both 
spring and autumn display during the period 
covered by these observations (1941-1947) 
and is known from local information to have 
been occupied for many years. As can be seen 
from the following table, the number of male 
birds using it remained very much the same 
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during the six-year period of my observations 


Number of Black Cock displaying on the 
main lek (B) at Hay Head : 


Year 1941 Spring : 7 
Autumn : no observations. 
1943 Spring : 6 
Autumn : no observations. 
1944 Spring : no observations. 
Autumn : 6; 9 on one occasion. 
1945 Spring : 6 
Autumn : no observations 
1946 Apring : no observations. 
Autumn : 4. 
1947 Spring : no observations. 
Autumn : 5. 


The third regular displaying ground at Hay 
Head, C, was a field of rough grass with small 
patches of heather, also quite close to a farm. 
Lek C was occupied by two cocks on all my 
visits from spring, 1944, to autumn, 1947. 

In the spring of 1944 possibly up to 10 cocks 
were displaying daily on a field of grass with 
some rushes at D (Fig. 2). 


The fact that during the display periods of 
any one year the same number of birds appeared 
morning and evening on leks B and C suggests 
that any one particular cock displays on one 
lek only. Only once did I observe anything 
suggestive of the contrary; on April 3rd, 1944, 
at 4.30 p.m. (G.M.T.) two cocks flew from lek B 
to lek C where at that moment only one of two 
‘tenants’ was present. They strutted about here 
in display attitude for a few moments but did 
not do any rookoing and shortly returned to 
lek B. 


Display Actions of Males 


The movement patterns involved in the 
Black Cock’s display have frequently been 
described, most fully by Lack (1939). To avoid 
repetition the postures associated with the 
various actions are represented diagrammat- 
ically in Fig. 3. The observations and com- 
ments on various display components below 
are concerned rather with discussion of the 
stimuli which give rise to these actions and 
their functions than with descriptive aspects. 

(a) Rookoing. This sound carries further than 
any of the other calls made by the black cock 
in display, namely between a quarter and half a 
mile. Itis normally given only from the individual 
display territory which each cock maintains 
on the lek. It therefore corresponds in every 
way to the song of a passerine bird. The rooko- 
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Fig. 2. Hay Head area to show the topography of the leks. 


ing call is resonant and bubbling, in pitch and 
quality it is much like the Wood Pigeon’s song. 
In agreement with Christoleit (1926) I find 
that it strikes one as a repetition of a phrase 
of three components which I would render as 
“curroor curroo curroor,” the last syllable 
being given with a definite emphasis. When 
uttering this call the neck is extended forward 
and held low so as almost to touch the ground 
while the head is held either horizontal or with 
beak pointing down. The neck is markedly 
thickened during rookoing and this is almost 
certainly due to inflation of the cervical air sacs. 
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While rookoing the bird’s entire body but 
particularly the tips of the long outer tail 
feathers vibrate with the beat of the sound. 
Lack (1939) suggests that the extension of the 
neck in rookoing has developed from the 
fighting attitude in which the head is also held 
low and pointing forward. Another purely 
mechanical factor may however be involved 
in the posture of neck extension always associ- 
ated with rookoing. Lorenz (1941) has shown 
that the peculiar whistle uttered by male mallards 
in courtship display is always associated with 
one of two specific postures, both of which 
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involve hyperextension of the neck and the 
structures within it. It is possible that unusual 
sounds such as the duck’s whistle or the black 
cock’s rookoing can only be produced when 
such neck stretching has produced certain 
necessary distortions in the vocal organs or 
associated structures. 


Rookoing is very often performed in the 
absence of any obvious external releaser and is 
perhaps most often a resultant of internal 
factors. It is however often induced mimetically 
as demonstrated by the observation, which 
was made repeatedly, that when the cocks on 
lek B had all been silent for some time if one of 
them recommenced rookoing this was generally 
taken up by the other birds present. Also on 
many occasions, I was able, by producing a 
passable imitation of the rookoing call in my 
place of concealment behind the wall of the lek 
meadow, to induce the birds to rookoe once 
more after prolonged intervals of silence. 
Although this imitation rookoing was not 
always taken up by the birds, the desired effect 
was achieved sufficiently often to suggest that 
there was more than a coincidental connection 
a my actions and those of the birds on the 
ek. 


Lack (1939) believes that rookoing is primarily 
an agressive form of behaviour directed at 
other males while the main function of crowing 
is to advertise the lek. However it appears to 
me that rookoing though it is concerned in the 
defense of display territories, also has the 
function of advertising the lek to female birds 
since it is the loudest sound made by displaying 
black cocks. It is generally agreed that song in 
territorial passerine birds, functions both as a 
threat to rival males and as an advertisement 
of the territory to females and this seems also 
to apply to the black cock’s rookoing. The 
following observations may be cited to sub- 
stantiate the view that rookoing is aimed at 
females as much as at rival males. On May Ist, 
1941, at lek B several males rookoed definitely 
at hens as they passed them early in the morning. 
On April 25th, 1943, in Oakenclough dale, 
(Fig. 1) a cock was rookoing at a hen perched 
on a wall about 4 p.m. They were not on a lek 
and the time of day was one when cocks do not 
normally display, so that the rookoing seen in 
this instance was clearly a response of a male 
finding himself in the vicinity of the female. 
On April 8th, 1944, 5.15 a.m., at lek B, four 
males were feeding in normal posture on the 


lek. Four hens flew towards the lek and perched 
cackling loudly on a wall about 300 yards away. 
At this, one of the males on the lek flew onto 
the wall enclosing the lek and started rookoing 
there (had he remained on this territory, the 
wall would have hidden him from the hens) 
He then flew out of the lek to land on a wall 
a few yards from the four hens and rookoed 
there, facing them. At times he got off the wall 
and performed (rookoing and crowing) on the 
ground. He continued rookoing and crowing 
alternately on the wall or on the ground for 
threequarters of an hour until first three hens 
and then the last one flew off. As there were no 
cocks near the spot where the hens had settled, 
it is clear that the cock had “‘deliberately”’ left 
the lek to rookoe to them. April 16th, 1945, 
about 5 p.m., a male was seen rookoing at the 
edge of Swallow Moss wood (see map, fig. 2) 
while three hens were feeding beside him. 
No other cocks were visible at the time. Two 
further observations of a general character bear 
out the view that rookoing is largely aimed at 
attracting females to the lek. First, that on foggy 
days J.B. finds rookoing more persistent and 
louder than on clear days, suggesting a com- 
pensation for reduced visibility by increased 
vocal performance. Tschudi (1853) reports the 
same phenomen of Swiss Black Cocks. 
Secondly, I was often struck by the fact that on 
successive days at the same lek and with the 
same number of cocks present there was much 
more rookoing on a day when no hens visited 
the lek than in their presence. If rookoing is 
aimed at attracting thé hens as here suggested, 
less rookoing when this aim is achieved is what 
could be expected. 


(b) Crowing. This is a harsh blowing or hissing 
call uttered with the head well raised and the 
neck not swelled. It may be rendered as tshoo- 
wooeesh, the first sound short and relatively 
weak, the second delivered with emphasis and 
some rise in pitch. Often it is preceded by a 
jump of a few feet, the rise and fall being 
accompanied by clattering wing beats. This 
has been termed the flutter jump by Lack (1939). 
Like rookoing it is often manifested apparently 
spontaneously. However crowing most con- 
stantly followed when a grey hen flew low over 
the lek and on these occasions all the cocks 
present would give a flutter jump generally 
landing in the direction taken by the hen and 
crowing, as it were, after her. In these cases 
it seemed that the noise made by the hen taking 
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to wing was the essential part of the releaser 
for the cocks would jump before the low flying 
approaching bird could actually be visible to 
them. The characteristic noise made by a 
hen on taking flight appears to be an adequate 
releaser for flutter jumping and crowing. 
Moreover this releaser must be rather vaguely 
defined for it was observed on a great many 
occasions that any sudden noise, such as 
explosions from a distant quarry, the barking 
of a dog or the cackling of a hen was itself 
sufficient to release crowing from one or several 
of the male birds on the lek. As only the gallin- 
aceous birds make a loud clatter in taking 
flight the noise which releases crowing will 
under natural circumstances most often be made 
by an approaching grey hen. It is interesting to 


flights and these release crowing and flutter 
jumping from the assembled cocks. This latter 
type of display is probably sufficiently arresting 
to demonstrate the exact location of the lek 
to the hens and induce them to cut short their 
flights so as to remain in its vicinity. 


Threat Display Fighting and Territory 

Lack (1939) was the first observer to point 
out that on the lek each cock maintains an in- 
dividual display territory which is defended 
against attempts at trespass by other cocks, 
by threat display or more rarely actual fighting. 
At the Hay Head leks this division into display 
territories was also noted. During the display 
period of any one morning or evening each 
cock confined himself to a certain approximately 
rectangular strip of the lek and these areas 


Fig. 3. Illustrating display postures of Black Cocks. 
(a) Normal posture, (b) crowing, (c) Displaying posterior view, 
(d) Rookoing, (e) crouching, (f) Two cocks in threat display. 


find that the drumming flight of male Dusky 
Grouse is at times also given in response to an 
auditory stimulus provided by a female taking 
flight in densely wooded territory and therefore 
almost certainly not visible to the male birds. 
Thus L. Wing (1946) reported that he once 
flushed a female of this species near the junction 
of the hooting territories of three males and 
that noise of her wings as she departed was 
followed by a drumming flight from all three. 


It therefore appears that by rookoing displays 
black cocks attract the females to the general 
vicinity of the lek. The hens from time to time 
make what may be regarded as exploratory 


were maintained on successive days of the same 
season. When rookoing, each cock was generally 
well within his own area and most commonly 
rookoed from one spot, merely turning about 
so as to face in various directions. Sometimes, 
however, he would advance, still rookoing, 
towards one or other of his neighbours. The 
threatened bird then runs up to the attacker 
with short, rapid steps, with puffed out neck 
stretched forward, with wings and tail in full 
display attitude, silently, or uttering a rattling 
‘ca carrr.”” The two birds come face to face but, 
instead of rushing at one another as their 
preceding eagerness would lead one to expect, 
they do not make actual contact but merely 
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execute threat movements to one another. 
Thus one convulsively darts forward its head, 
his opposite retracts his and immediately darts 
it forward as the first bird withdraws its head 
at the end of the forward jerk. Similarly, a 
forward movement of the whole body of perhaps 
half a foot will be made towards the opposite 
bird, who retreats, still facing his opponent, for 
the same distance and then in turn makes a 
similar advance which drives the first bird back 
exactly to its original position. The regular 
alternation of the aggressive role from one 
opponent to the other and the exact similarity 
of retaliation to provocation give these threat 
displays a very formal character. Short bouts of 
threat movements, with intervals during which 
the birds merely face one another in full display 
posure, may go on for many minutes. The 
conclusion of these episodes is either, as if by 
common agreement, both birds lost interest 
so that they turn away from one another, each 
returning roughly to his original position, 
or that a real fight ensues. In this the birds 
leap up at one another, fluttering their wings, 
and slash at one another with their claws. Occa- 
sionally both fall down together apparently 
with beaks interlocked. Lack has also seen one 
cock knock down the other and trample on it. 
Fights of this kind are much rarer than the threat 
displays described above, but when they do 
occur, they occasionally lead to the death of 
one of the participants for some records of 
birds being found dead on leks are found, both 
in the British and Continental literature. It is 
clear that the possession of an imposing threat 
display considerably reduces the need for real 
fighting in establishing territorial boundaries, 
for the assumption of the display attitude by an 
attacked bird signifies to the attacker that his 
opponent is prepared to fight and the encounter 
ends with both birds facing one another as 
described above. Thus Lack, 1939, observed 
that birds which had trespassed into another 
territory were chased but without ceremony 
by its owner if they miantained the non-display 
attitude, i.e., kept tail and wings folded, whereas 
if they went into display the owner of the 
territory would stop when the birds were face 
to face and instead of pressing home the attack 
would merely threaten by display. A bird which 
is not prepared to fight “collapses” its display 
under the threat of the other exactly as Allen 
has reported in the Ruffed Grouse (1934). 
Such behaviour on the part of one apparently 
inferior bird was seen on April 20th, 1945, at 
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lek B. Six cocks, each in possession of a territory, 
were present as well as a seventh bird, obviously 
a newcomer to the lek, since on previous days 
only six cocks were seen there. This bird at- 
tempted to display at a point where three 
territories met. When one of the adjacent males 
approached, it would at once fold its wings and 
tail and run. Its attacker, satisfied in this way, 
would then retire towards the centre of his 
territory and at once the inferior bird went 
into display and followed up only to “‘fold-up” 
and run when the other bird once more advanced 
on it. This particular bird had repeated en- 
counters of this sort with each of the three near- 
est cocks in turn. It is clear that the mere threat 
of attack by one of the birds in possession was 
sufficient to evict it from the respective territory 
every time. It is also curious that this bird did 
not attempt to establish a new territory on the 
confines of the lek where it would presumably 
have been unmolested but persisted in attempts 
to insinuate itself among the others. Where the 
boundaries of individual territories are well 
established, the relationships of neighbouring 
birds can be very formal as was the case with the 
birds who used lek C. 

Lek C was divided into two individual territ- 
ories which remained unchanged for four 
years of consecutive observations, no doubt 
because the nature of the ground provided 
preformed boundaries which the two birds 
using it, accepted. The lek was a small, sloping 
field completely enclosed by a wall of loose 
stones, across its middle ran a small land drain 
with a grass grown bank and this bank formed 
the boundaries of the two territories which 
extended from this bank about halfway towards 
the boundary wall, so that each territory 
occupied a quarter of the field. The bank was 
interrupted at its middle where a cartway 
crossed it, and it was in this that frequent 
posturings between the two cocks occurred 
as it formed the natural approach from one 
territory to the other. It is noteworthy that 
even when one of the owners of these territories 
was absent, the other never passed beyond the 
boundary wall into the vacant territory. Some 
observations made on the evening of April 7th, 
1944, illustrate the mutual relations of these 
two birds which may be designated as X and Y. 
At 4.30 p.m. X and Y were rookoing intermitt- 
tently, each in the middle of his territory. 
X then ran in threat display attitude into the 
pass between the two territories where Y met 
him. They faced one another with alternate 
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forward head movements and repeatedly both 
turned right round, each presenting his tail 
to the other (such use of the expanded tail asa 
threat character was also often seen on lek B). 
Excitement waned and X returned to the 
middle of his territory while Y wandered about 
on his side of the bank; at one point he walked 
to the top of the bank when X immediately ran 
towards him, at which Y retired from the bank 
top and soon afterwards flew away. X remained 
quietly feeding with wings and tail folded. As 
a hen flew over he gave a crow, returned to the 
display posture and rookoed for a while and 
then again folded wings and tail. At 5.25 p.m. 
Y flew back into his territory and X at once 
went into display again, ran to the pass and 
both faced one another, rookoing, and later 
turned about, each maintaining his ground, 
several times. Y then slowly retired, maintaining 
display and rookoing in the centre of his area, 
while X soon after also left ‘‘the pass,’ rookoed 
in the centre of his territory and then re- 
assumed normal posutre. No real fight was ever 
seen between these two birds, probably because 
territorial boundaries were so clear. 

It has been shown that crowing and rookoing 
are frequently given spontaneously in the 
absence of any external releasing stimulus. 
As these actions serve to attract hens and 
probably also other cocks to the lek, this must 
be so. Agressive behaviour however, such as 
the forward run in display attitude to attack is 
purposeless unless a bird to be attacked or 
threatened is present. Nevertheless J.B. has seen 
cocks on the lek make the typical attacking run 
into empty space, i.e., not at any of the other 
birds present. Similarly Lehman (1941) reports 
that male Attwater’s Prairie Chickens sometimes 
fought imaginary opponents such as clumps of 
weeds or tall grass. 

Size of Territory 

This is clearly very variable. Lack (1939) 
found several territories to be about 35 square 
yards, while two others were about 700 square 
yards, here only two cocks were present. At 
another lek, Lack (1946), occupied by twelve 
cocks, the average territory was 120 square 
yards. At lek B the average size varied from 
100-150 square yards, according to the number 
of birds using the lek in different seasons, while 
at lek C, with only two cocks, it was approxim- 
ately 1,000 square yards. 


Courtship, Circling and Crouching and Mating 
At Hay Head, grey hens have only been 


observed actually walking about on lek B and 
then only on the mornings of May Ist, 1941, 
and April 17th and 20th, 1945. On the latter 
two days three copulations were observed. 
When hens are present the existence of individual 
territories is most clearly defined, for, while 
each cock immediately displays to the hen or 
hens that come near him, he does not follow 
them outside his area as they wander about 
the lek. The first response of a cock in the 
presence of a hen was generally to rookoe 
facing it. He would then become silent and walk 
around the female in the rookoing attitude at 
times tilting his tail towards the hen—circling. 
From time to time a slanting run was made 
towards the hen from one side and behind, 
the hen having crouched down before. In most 
cases she rose and ran off a few steps as the cock 
made the approaching run and he continued 
circling round her. If she remained the cock 
mounted, held with his beak onto the feathers 
of the back of the female’s head, and fluttered 
his wings to maintain balance. Coitus lasted at 
most ten seconds on each occasion. After it 
the hen preened her plumage and left the lek 
while the cock resumed rookoing or, as seen 
on one occasion, circled round another hen 
which had come into his territory. No post 
nuptial display was observed. At one time, one 
cock was circling round three females at once. 

The second type of prenuptial display is 
crouching, (Fig. 3e), in which the cock having 
circled so as to face the hen lays himself down 
with extended neck but head held up and tail 
still expanded and erected or even cocked 
forward. Crouching was seen as an interruption 
of circling on each of the three days on which 
hens were present but it was not shown every 
time a cock courted a particular hen and the 
three displays which led to mating did not 
include crouching, which is therefore obviously 
not essential to ensure that the hen will crouch 
in readiness for mating. The Ruffed Grouse 
(Allen, 1934) has a mating display in which it 
adopts a beseeching attitude somewhat similar 
to crouching. The crouching attitude can 
clearly be regarded as symbolical of the females 
crouched posture for mating and may lead to the 
female assuming this attitude as a result of 
imitation. Scott (1942) came to conclusion that 
in the Sage Grouse each female is probably 
mated with, once only during each breeding 
season. The low number of matings seen a 
Hay Head suggests that this also applies 
Black Grouse. 


ory, 
usly 
lays 
at- 
hree 
ales 
and 
way, 
his 
vent 
up” 
iced 
en- 
ear- 
reat 
was 
tory 
did 
| the 
ably 
npts 
the 
well 
ring 
1 the 
Trit- 
four 
oubt 
‘ided 
ping 
oose 
lrain 
‘med 
thich 
itory 
was 
tway 
juent 
irred 
one 
that 
ories 
1 the 
some 
7th, 
these 
mitt- 
itory. 
the 
met 
rnate 


THE BRITISH JOURNAL OF ANIMAL BEHAVIOUR 


Circling and crouching by males are of course 
purposeless unless released by the presence of 
the hen. Nevertheless, circling in the absence 
of a hen within the territory does occasionally 
occur. Lack (1946) describes a cock occupying 
a territory on the edge of the lek who showed 
typical circling when the hens were in the centre 
of the lek and were being courted by other 
cocks while his own territory was in fact empty. 
J.B. has seen a cock circling at Hay Head in the 
complete absence of hens on the lek. 


Normal and Male Behaviour in Females 


Females wander about the lek singly or in 
small groups, feeding as they go, but remaining 
still while a cock actually circles round them. 
During these periods they generally crouch or at 
least appear to sit down, but as shown above 
are not then necessarily ready for mating for in 
most cases they will run aside when the cocks run 
up to them. Fights between females in which, 
like males, they cock up the tail, drag the wings 
and jump at one another or peck another 
were seen several times and are also described 
by Selous (1909 and 1910) so that these must be 
regarded as a normal response of a female 
ready for mating, which finds another one too 
close. In 1946, C. B. Ashby saw a grey hen 
land just outside lek B and display there with 
raised tail and fanned, puffed out body feathers 
and neck swelled out. She soon dropped this 
pose and recommenced feeding. Christoleit 
(1926) quotes a number of observers who have 
seen similar behaviour in Germany, including 
even hoarse attempts at crowing on the part 
of hens. Such hens, nevertheless, mated shortly 
afterwards. Scott (1942) in the sage grouse also 
observed that a small proportion of hens would 
strut like cocks and one such hen was seen to go 
through the mating process with another hen. 
He also noted that such hens were not like 
others satisfied with one mating with a male but 
continued to exhibit sexual behaviour. 

A possible explanation for these observations 
may be made on the following lines : There is 
experimental evidence that in those species 
of birds where appropriate experiments have 
been made, female sexual behaviour can be 
elicited by administration of male sex hor- 
mones more readily than this is possible with 
female sex hormones. I have given a brief 
summary of these experiments elsewhere (Hohn, 
1947). Also in female Mallards mating is seen 
in the autumn when the ovarian follicles are 
small and the oviduct is undeveloped, which 


shows that oestrogen production must be low, 
so that another hormone must be responsible 
for their mating behaviour and in view of the 
experimental work referred to above this was 
probably male sex hormone. This would lead 
to the suggestion that normal female sexual 
behaviour is the result of the action of relatively 
small amounts of the male sex hormone on the 
hen’s system. Larger amounts of the same 
hormone would lead to male sexual behaviour. 
Thus grey female hens showing the male type 
of display would be birds which produce some- 
what more than the normal amount of male 
sex hormone. 
Diurnal Periodicity of Display—Morning and 
Evening Display 

It is generally believed that Black Cocks enter 
the lek while it is still dark and display from the 
earliest light of dawn until some time after sun- 
rise. At Hay Head leks, I found the birds 
already in display as early as 4.30 a.m., G.M.T., 
on April 20th, 1945. Display here generally 
ceased about 7 a.m., but occasionally individual 
birds were still displaying as late as 10 a.m. 
As the light gets stronger, intervals during which 
the birds merely sit about in non-display attitude 
or feed are common and though a number 
leave the lek about this time, one or two continue 
feeding on it more or less all day. Lack (1939) 
states that the Rothiemurchus leks at which he 
observed were sometimes revisited in the 
evening. At Hay Head, display occurred with 
complete regularity every evening during the 


period of spring display, at both lek B and C,: 


and the same number of cocks appeared as in 
the morning. Theevening display began in 
April, about 4.30 p.m., and continued until it 
was nearly dark at about 6.30 p.m. It was always 
less vigorous than the morning display and 
although hens were occasionally seen to fly 
over the lek in the evening, neither J.B. nor 
myself have ever seen a hen walking about on the 
lek during the evening. The factors which 
determine the onset of these two daily display 
periods are quite obscure, they may be internal 
(possibly a daily cycle in sex hormone levels in 
the blood). On the other hand it is possible that 
the reduced light intensity of the early and late 
hours of the day is a factor inducing display. 


The Autumn Display 

At Hay Head, display on the leks used in 
spring recommences about mid September and 
continues throughout October, occasionally 
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birds are heard rookoing or crowing even in 
November and December. Unlike the spring 
display, the autumn display at the Hay Head 
leks was confined to the early morning. At 
lek C, where the two territories were so clearly 
demarcated, it was easy to see that territories 
were maintained as in spring. My observations 
agree with those of Lack that this display is 
definitely less vigorous than that of spring. 
Crowing and threat display take up most of 
the time. Lack apparently heard rookoing from 
only one cock during his observations on 
October 21st-24th, 1938. At Hay Head rookoing 
was, however, performed by several cocks in 
late September, 1944, 1946 and 1947, on one 
occasion for about twenty minutes. Nevertheless, 
it was much less prominent than in spring. 
Lack saw no females at the lek in October and 
concluded that autumn display was quite func- 
tionless. At Hay Head, on the other hand, it 
was clear that the autumnal display also attracted 
the hens although none were actually seen to 
walk among the cocks on the lek. Thus, on 
September 27th, 1944, a cock was rookoing 
at lek A and a grey hen was flushed very near 
him and two others a little further off. On 
September 29th, 1944, when six cocks were in 
display attitude and crowing repeatedly, one 
grey hen perched on the wall enclosing the lek, 
cackling loudly, though it made off without 
entering the lek, while later two hens flew low 
over the lek. On September 18th, 1947, four 
cocks and two hens were together in a field 
ajoining lek C and these cocks were rookoing 
and crowing from time to time. It is possible 
that these four cocks were birds of the year 
which do not separate from the females until 
winter. These observations suggest that the 
partial reactivation of the gonads which un- 
doubtedly occurs in the males in autumn affects 
the females as well to some extent. 


Experiments with Stuffed Birds during Autumn 
Display 

Lack placed stuffed birds, male and female, 
on the lek on October 24th and 25th, 1938. 
On the first occasion the cock nearest the mount 
took on the alarm attitude—raised neck and 
plumage pressed sleekly against the body and 
this communicated itself to the others who 
shortly afterwards all left the lek. The results 
next day were essentially similar. The results of 
my Own experiments were as follows: On 
September 26th, at 5 a.m., the stuffed male in 
display attitude was placed on lek B after 
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flushing the four cocks who had been displaying 
here when I arrived. In about ten minutes one 
cock returned and walked towards the mount 
and then remained standing four yards from it, 
eyeing it attentively but not assuming the 
display attitude. Two more cocks then flew in. 
One of these approached the mount, took up 
display attitude and walked round te approach 
the mount from in front. It gave one peck at the 
head of the mount which knocked off the head, 
the skin of which was already completely 
severed and which was therefore only insecurely 
fixed. The attacking cock then walked away at 
once and remained on the lek in non-display 
while the other two perched on the wall of the 
lek also in normal attitude. 


Next morning at 6 a.m., four cocks were 
again flushed from the lek and the stuffed male 
in display, as well as the female, were placed 
on the lek about eight yards apart. Only one 
cock returned and settled about thirty yards 
from the mounts. It approached them to within 
about ten yards and then remained eyeing them 
““suspiciously,” never assuming the display 
posture for twenty minutes. 


On September 18th, 1947, four cocks were 
flushed from lek B, one of which at least had 
been crowing and flutter jumping, and the 
stuffed male in display was placed on the lek. 
After half an hour only one cock returned and 
settled twenty yards from the mount, facing it, 
but remained in normal attitude sitting still or 
feeding. Lack (1939) showed that during the 
height of spring male birds would go through the 
process of mating (including emission of seminal 
fluid) with stuffed females and would vigorously 
attack stuffed males. My observations suggest 
that during the autumn display only aggressive 
responses to male stuffed birds but no sexual 
responses to stuffed females can be obtained. 
Further experiments on the reactions to stuffed 
birds both in spring and autumn display are 
however desirable. 


Summary 


Observations on the display of Black Grouse 
at a group of leks in North Staffordshire in the 
spring of 1941, 1944 and 1945 and the autumn 
of 1944, 1946 and 1947 are presented. In this 
general area there were three leks each about one 
mile from the next. The division of the leks 
into individual display territories first noted by 
Lack (1939) was also observed here. In one lek 
divided by permanent boundaries into two 
territories, these were maintained for four 
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successive years. Display on the leks took place 


in the early morning and evening in the spring - 


(mid March to mid May) but in the morning 
only in autumn (mid September to early Novem- 
ber). The following display actions were 
observed : Rookoing; a bubbling call uttered 
with extended neck and audible for over a 
quarter of a mile. While, as has previously 
been advanced, this has an agressive function 
as regards other males, it is shown to be often 
directed at females and it is suggested that one 
of its main functions is to attract females to the 
lek. Crowing; a much feebler hissing call uttered 
with erect neck and often preceded by a flutter 
jump. It is elicited most regularly by the noise 
of a hen taking flight but was repeatedly noted 
as a response to other sudden noises. Its principal 
function appears to be to demonstrate the exact 
location of the displaying cocks to the hens 
which by rookoing have been attracted to the 
general vicinity of the lek and then take short 
“exploratory flights.”’ Both rookoing and crow- 
ing were frequently mimetically induced by the 
actions of the other birds but were also quite 
frequently uttered in the absence of any obvious 
external releasing stimulus. Threat display and 
fighting : males frequently run at one another 
meeting at the boundaries oftheir territories 
and then face one another in prolonged threat 
display accompanied by darting forward move- 
ments of the head of the whole body. Actual 
fights were unusual if they took place birds 
jumped at one another attacking simultaneously 
with beaks and claws. 

Hens enter the lek on foot only during a 
short period of the spring display and then 
wander freely about the lek. The cocks court 
them by circling around them or crouching but 
never follow the hens beyond the boundaries 
of their territories. Three matings were observed ; 
the hens invited coitus by crouching but no post 
nuptial display was seen. At times cocks were 
seen to court other hens immediately after 
coitus. Crouching on the part of the cock is not 
a necessary prelude to mating as it was absent 
from the preliminaries of the three matings 
observed. There was no association of adult 
birds of opposite sexes except for the act of 
mating. 

Lack (1939) with stuffed birds placed on the 
lek at theheight ofspring display was able 
to elicit attacks with stuffed males and copula- 
tion with stuffed females. In two experiments 
with stuffed birds of both sexes were placed on 
the lek during autumn display. These failed to 
elicit any responses from the living birds. 
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In the present study, stuffed birds were placed 
on the lek during autumn display on three 
occasions. No respones were elicited by the 
stuffed female but a stuffed male was attacked 
on one occasion. It appears that for a consider- 
able period of spring display and the entire 
autumn display cocks are not sufficiently 
advanced to show prenuptial display and 
copulation. 

The attacking run as well as circling have 
been observed as “‘spontaneous” actions in the 
absence of other cocks on hens which are 
normally required to elicit these reactions. 

Although hens have not been observed 
actually on the lek during autumn display they 
are nevertheless attracted to the vicinity of the 
display grounds. 

Fights between females on the lek in which 
they assumed postures of wings and tail similar 
to fighting males were observed several times. 


Acknowledgments 


I wish to express thanks to the Council of the 
Association for the Study of Animal Behaviour 
for a grant in support of these observations. 
I am indebted to Dr. D. Lack for the loan of 
stuffed Black Grouse. Criticism of the manu- 
script by Dr. D. Lack and Mr. P. H. T. Hartley 
is also gratefully acknowledged. 


REFERENCES. 


Allen, rhythm in the Ruffed Grouse. 
1, 180-19 
Astin B. (1947). Early appearance of grey hens at the 
lek and male type of display in females. Brit. 
Birds, 40, 29-30. 
Bent, A, C. (1932). Life histories of North American 
Gallinaceous Birds. Bull. 162, U.S. Nat. Hist. 


Mus. 
Christoleit, E. (1926). Zur Fortpflanzung des Birkhuhn’s. 
Beitr. Fortpfizsbiol. Vogel, 2, 116-119 and 154-161. 


Hohn, E. O. (19 ). Sexual behaviour and seasonal 
changes in the gonads and adrenals of the Mallard. 
Proc. Zool. Soc., Lond. 117, 281-304. 

Lack, D. (1939). The display of the Black Cock. Brit. 
Birds, 32, 290-303. 

Lock, D. (1946). Black Cock display. Brit. Birds, 39, 
287-288. 

Lehman, V. W. (1941). Attwater’s Prairie Chicken, its 
life history and management. North American 
Fauna No. 57. U.S. Fish and Wild Life Service. 

Lorenz, K. (1941). Vergleichende Bewegungstudien an 
Anatinen. J. Ornithol. 89, Sonderheft pp. 194- 
2 


93. 
Selous, E. (1909, 1910). An observation diary of the 
nuptial habits of the Black Cock 
and England. Zoologist, 1909, pp. 400-413; 
1910, pp. 23-29, 51-56, 176-182 oid 248-265. 
Tschudi, F. von. (1853). Das Thierleben der Alpenwelt. 
238 


p. 

Wing, L (1946). Drumming flight in the Blue Grouse 
and courtship characters of the Tetraonidae. 
Condor, 48, 154-157. 


| 


p 

Vv 

v 

b 

a 

fi 

e 

il 

p 

n 

a 

a 

; ir 

W 

4 

it 

d 

th 

b: 


The Adaptability of the Homecoming Honeybee 


By C. R. RIBBANDS and NANCY SPEIRS 


Bee Department, Rothamsted Experimental Station, Harpenden 


Introduction 


The importance of vision in the orientation 
of honeybees to their hive has been frequently 
and adequately demonstrated (e.g. Romanes, 
1885; Kathariner, 1903). Wolf (1926) also 
showed that scents added to a colony could 
serve as orientation marks, and later (1927) 
demonstrated that honeybees could utilise 
their perception of angles and distances to direct 
their homecoming. 


We now study the behaviour of honeybees 
when the direction and height of their hive 
entrance has been changed, measure the rate 
at which the bees adapt themselves to the new 
conditions, determine whether the age of the 
individual has any effect upon this rate, and 
discuss the roles of odour and vision in re- 
orientation. 


Method 


There were two experiments. Experiment 1 
was commenced on August 7th, 1950, and Ex- 
periment 2 on July 24th 1951. Experiment 2 
will be considered in detail and Experiment | 
will then be discussed for confirmation. 


In Experiment 2 three National broodcham- 
bers were each provided with a floor-board, 
and they were placed in a tier with their entrances 
facing in different directions (fig. 1). Wooden 
entrance blocks were fitted to reduce each 
entrance to a small size and all other means of 
ingress were blocked. All the visible wooden 
parts had been coated with cream distemper. 


A 5-comb nucleus was introduced into the 
middle broodchamber and the bees were 
allowed to accustom themselves to entrance A. 


Meanwhile three large groups of one day old 
mass-marked bees had been added to another 
colony, outside flight range, at successive 
intervals of seven days. When the oldest group 
was 28 days old a number of foragers of each 
group were collected, individually marked, and 
introduced into the experimental nucleus on 
day 1. On subsequent days the entrance to 
the nucleus was watched and the activities of 
each marked bee were recorded. Further 
batches of individually marked bees from each 
of the three age groups were introduced to the 


experimental nucleus at the close of day 3 and 
day 5. 


During the evening of day 6 the entrance block 
was slid along so that entrance A was closed 
and the new entrance thereby formed on the 
other side of the same face was blocked with 
hay. This broodchamber was then turned 
through 90° and the top and middle brood- 
chambers were exchanged. Thus at the com- 
mencement of observation on day 7, when the 
new entrance was opened, the bees flew from 
entrance B and they could only return through 
that entrance. So that erring bees could alight 
but not enter, a 4” wide ledge was placed at the 
site of A, which was then referred to as « 
During days 7 and 8 observers watched con- 
tinuously at both « and B. 


At the end of day 8, by a similar procedure, 
the top and bottom broodchamber were re- 
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versed, so that on day 9 the bees flew from 
entrance C, turned 90° from B and 180° from A. 
A small ledge was placed at the site of B, which 
was then called 8. On days 9 and 10 three 
observers were continuously present, one 
watching each entrance. To facilitate identi- 
fication, days will be referred to in terms of 
both their order and their functional entrance, 
e.g. 1A, 7B, 9C. 


The observers recorded the time of each 
activity of each individual bee, noted orientation 
circling on exit, and fanning on return. At the 
dummy entrances they kept separate records of 
bees which touched or landed and of those 
which merely flew by as if to inspect. 


Estimate of the Errors in the Observations 


The greatest source of error was in recording 
at the correct entrance, where a high pro- 
portion of outgoing bees was missed because they 
departed so quickly that they could not be 
recognised, and where a smaller proportion of 
incoming bees was also missed, either because 
several entered at once or because one bee 
entered while another was being recorded. 
An estimate of the magnitude of these errors 
was obtained by examining all the data for the 
last four days. All the observations for each 
individual bee were fitted into a series, so that 
the missing records could be deduced. At the 
correct entrance, exit and entrance were both 
observed on 523 occasions, entrance only was 
observed on 967, exit only on 104. Thus exits 
were Observed on 523 out of 1,490 occasions 
when entrances were seen, and entrances on 
523 out of 627 occasions when exits were seen. 
Thus if the chance of observing either entrance 
or exit was random 35% of all exits and 83% 
of all entrances were observed. On the same 
assumption 1,790 trips were made by marked 
bees during these four days of observations, 
and 196 (11%) were not recorded at all. 


The magnitude of this error is insufficient 
to affect the conclusions which will be drawn 
from this experiment. Omissions at the dummy 
entrances were negligible because bees which 
alighted at those entrances often stayed there 
for some time, as though bewildered, and usually 
returned again and again. 


Errors in inspection of the dummy entrance(s), 
when no landings were involved, are less easy 
to estimate. During the early part of day 7B 
so many bees came to the vicinity of the dummy 
entrance that an accurate record of inspections 


was not obtainable; thus inspections have been 
ignored during this day. On subsequent days 
there was much less activity at the dummy 
entrance(s) and it is believed that the record of 
inspections was substantially correct. 


Variation Between Individuals 


The following analysis attempts to convey 
a picture of the ease with which honeybees 
adapt themselves to changes of entrance, but 
comparison of records of different bees shows 
that there was a wide variation between in- 
dividuals. Some bees returned correctly from 
their first trip, most were returning correctly 
by the end of the first day and nearly all by the 
end of the second one, yet one individual was 
attached to « for three whole days. 


Rapidity of Re-orientation 
The First Change 


On the day 7B the new entrance was opened 
at 09.10 hr. B.S.T., and observations were 
continued at « and B until 17.30 hr. The 
first marked bee returned to « at 9.54 hr. 
and entered at B eight minutes later. The first 
correct return, by a marked bee which had not 
landed at «, was made at 9.59 hr. 


An analysis of the observations is provided 
in Table I. The 102 bees observed were divided 
into groups according to their age and training 
periods. Their first correct return was from the 
trip during which « was not touched; in- 
spections in flight were ignored. 22 of the 102 
bees were observed to return correctly and 
subsequently to return incorrectly; these in- 
dividuals are recorded in brackets and were 
omitted from calculations. For first correct 
returns the means obtained (old; middle; 
young bees=2.9; 3.0; 3.0) suggest that the 
age of the bees did not affect their adaptability. 
There was a difference between the adaptability 
of groups which had been using entrance A 
for only one day and those which had used it 
for three or five days, but this was largely due 
to the high proportion of the bees in the former 
group which had made only 1-3 observed trips. 
There was no difference between the groups 
which had used it for three and for five days. 


On day 8B the entrance was opened at 09.00 
hr. and observations continued until 17.30 hr. 
On this and subsequent days inspections were 
included; correct returns were those in which 
the dummy entrance was neither touched nor 
inspected. An analysis of the records is provided 
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Table I. Adaptability of Honeybees on the Day of the First Change of Entrance. 


Age of bees. No. of Oldest bees. Middle group Youngest bees 
visits. 
( 1 
4-10 () 
5 days training 11-20 3(1) 1 1(1) 2 2 2 1 
21-30 4(1) 1 1 (2)1 1 
oo 31-40 | 1 2 
(34 410 | 11 1 
= 11-20 2 1 2 | @) 7 4 
3 days training ls 21-30 ae. 
> 31-40 1 
2 1-3 | 1 3 1(1) 
1 days training ) 10, 3 1 3(1) 4 1 


Numbers in brackets denote bees which made an incorrect return on a subsequent occasion. 
The bracketed numbers are not included in the unbracketed totals. 


in Table Il; in view of the conclusion drawn 
from the results of day 7B only bees with three 
or five days preliminary conditioning to A are 
considered on this and subsequent days. 33 out 
of 75 observed bees returned correctly through- 
out this day, neither touching nor inspecting 
the dummy entrance; 14 bees inspected « on 
one or more occasions without landing, 
28 bees (37%) landed there at least once. Only 
5 of these 75 bees made no correct return 
during this day and only one of these five made 
more than two trips. Age again had no apparent 
effect upon adaptability; 33° of the older bees 
made incorrect landings; the only bee which 


went persistently to the wrong entrance was one 
of the younger ones. 


The Second Change. 


On day 9C observations continued from 
09.15 hr. to 17.30 hr. The results are provided 
in Table III. Although they were flying from the 
third entrance for the first time, 23 out of 60 
observed bees made only correct returns; of the 
remainder only 17 (28%) touched either dummy 
entrance. There was no significant difference 
between old and young bees; the proportion of 
incorrect bees among the former was slightly 
above average but the three bees which were 


Table II. Adaptability of Honeybees on the Day after the First Change of Entrance. 


| 
| No. of incorrect landings. 
| Returns No. of returns with 
| always No. of returns with incor- incorrect landings. 
| correct. rect inspections. 
Oldest bees 5 days training ae ae 1 4* 
3 days training 2t 
Middle group 5 days training 1 4* 1 
3 days training 9 | 4 1 1 
Youngest bees 5 days training 5 1 1 1 | be 
3 days training | 8 | ot 2 


* Each asterisk represents one bee which made no correct return during this day. All other bees subsequently re- 


turned correctly. 


t Each dagger represents one bee whose first return was correct but which subsequently went to the dummy entrance. 
In all other cases the incorrect returns included the first return. 
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Table III. Adaptability of Honeybees on the Day of the Second Change of Entrance. 


First correct 
return of 
bees which 
made an 


| incorrect return. | 


Further analysis of incorrect returns 


Incorrect inspections 


Incorrect landings. 
without landings. 


= ~ V v ~ ~ ~ 
of 410 4-10 
> | 
$ $20 11-20 1 | 
3 410 4-10 2 | 
11-20 | 4 1/1 
4-10 | 
a 3 
4-10 11-20 1 
2 , {11-20 4-10 |2 1 
2 11-20 1 
= $20 410 1 2 1 
11-20 1 I 
ef 1-20 4-10 2 2 
3 11-20 1 | 
$20 4-10 2 3 
3 [11-20 4-10 11 | 
11-20 1 1 


| 


most persistently incorrect were young ones. 


Among the incorrect returns only 2 bees 
landed at « (one before and one after landing 
at f), while 17 bees landed at 8. Yet 28 bees 
inspected « without landing there, but only 
9 bees inspected 8 without landing. 


On day 10C only 6 out of 48 observed in- 
dividuals made any incorrect returns; all these 
6 bees were in the group of 21 young ones. In 
4 of these 6 instances the first return of the day 
was a correct one, so that the incorrect returns 
could be attributed to recalled memories. Only 
2 bees of the 6 landed incorrectly, both at B 
and both after having returned correctly from 
their first trip; the four bees which made in- 
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spection flights all went past x, and one also 
flew past 


First and Second Changes Compared 


There was no positive correlation between 
the adaptability of individuals to the first change 
of entrance and their adaptability to the second 
one. Bees which had been trained to entrance A 
for 3-5 days were compared; among 34 bees 
which had returned correctly to C from their 
first trip on day 9C the mean number of trips 
before a correct return to B was made on day 
7B was 2.80; among 22 which made their first 
correct return to C from their second trip this 
mean was 2.72; among 7 which did not return 
correctly to C until their third or fourth trip 


© © © 


Ist on another trip. | 


this mean was 2.0. One bee (trained to A for 
only one day) returned correctly throughout 
days 7B and 8B, but inspected both dummy 
entrances on her first two returns of day 9C, 
and landed at 8: conversely, a bee which made 
a succession of 8 incorrect returns on days 7B 
and 8B then returned correctly through day 9C. 


Among the bees which had flown from A for 
4-10 trips (on one day) only 3 out of 18 (17%) 
returned correctly from their first trip from 
entrance B, yet among those which had flown 
from B for 4-10 trips (in two days) 43 out of 72 
(60%) returned correctly from their first trip 
from entrance C. The significance of this more 
rapid re-orientation after the second change will 
be discussed later. 


Behaviour at the Correct Entrance 


When leaving the hive most of the bees 
apparently went straight out, but a proportion 
turned to face the hive and flew away in a close 
spiral which is usually considered to facilitate 
orientation. Spiral flights by 24 individuals were 
observed during day 7B; 17 of these spirals 
were described at the first exit of that day and 
the others on the second or third occasion. This 
distribution supports the suggestion that spiral- 
ling is an aid to orientation, but analysis showed 
that although 19% of all marked bees returned 
correctly from their first flight on this day yet 
only 3 (18%) of the 18 bees which were observed 
to spiral on exit managed to do so. 


A group of about half a dozen-bees were 
usually fanning and exposing their scent glands 
at the correct entrance during day 7B; some 
marked individuals, timed, scented for 1-2 
minutes before entry; they were then replaced 
by other returning bees. 


Only a small proportion of returning bees 
scented. There was no trend with age; 6 out of 35 
old bees, 14 out of 45 middle-aged ones, and 11 
out of 62 young bees scented. Four of these 
bees scented on two occasions. Scent dispersal 
occurred either after correct returns (10 in- 
stances) or after incorrect ones (25 instances); 
it did not imply that future returns would be 
correct ones, since 8 bees returned incorrectly 
from a subsequent trip. Two bees scented at the 
correct entrance, and then flew away without 
entering. Scent dispersal was related to re- 
Orientation, because it was very pronounced 
on day 7 but infrequent on subsequent days. 
On days 7B to 10C, successively, 35, 0, 7 and 2 
marked bees scented at the entrance. Whereas 


63 


THE BRITISH JOURNAL OF ANIMAL BEHAVIOUR 


on day 7B a group of at least half a dozen scent- 
dispersing bees was usual, on day 8B there 
were usually none and never more than one, 
except in the period 16.25-16.55 hr., when there 
was an exercise flight and 6-8 bees were fanning 
and scenting. On day 9C there were usually 
one or two. 


Behaviour at and near the Dummy Entrance 


During day 7B there was usually a small 
cluster of bees (5-30) at the dummy entrance «. 
The size of the cluster gradually diminished. 
On subsequent days there were seldom more 
than two or three bees at either « or 8 and 
often there were none. On day 7B bees which 
landed at « usually took off and returned 
again and again; during trips early in this day 
most bees were misled for several minutes and 
some for more than an hour, but during later 
trips and on subsequent days an increasing 
proportion of bees made only one incorrect 
landing at the dummy entrance. 


When the bees had failed to enter « a 
proportion of them attempted to enter the 
upper broodchamber at a point immediately 


-above « and a cluster of bees often formed 


at this point also. On day 7B 118 marked bees 
made 770 attempts to enter « and 55 bees made 
209 attempts to enter at a point above this 
entrance (i.e., at the height of the correct 
entrance). Only three attempts were made, by 
3 marked bees, to enter at the same level as « 
but on the wrong (left) side of the same face. 


Recalled Memories 


After many correct returns some bees reverted 
to the old entrance, as though recalling mem- 
ories. Thus one bee made a series of 12 correct 
returns on days 7B to 10C, and then went 
back to land at « on her third trip of day 10C. 
Another bee made a series of 31 correct returns 
on days 7B to 10C, then on her fifth trip of 
day 10C she went to inspect both « and £. 

These were extreme instances; there were 
28 cases of incorrect returns after one correct 
one, 14 after two correct ones, and 11 after four 
or more correct returns. Only one of the bees 
which had returned correctly throughout day 
8B went in the first instance to « on 9C, but 
six out of the 14 bees which went first to 8 
and then to « on day 9C were ones which had 
not visited « on 8B. It was as though in their 
confusion they had recalled the older memory. 


Comparison between Experiments 1 and 2 
Experiment | was a more simple version of 
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Experiment 2. Fewer bees were marked; their 
re-orientation was of similar pace and there 
was no evidence of any effect of age upon 
adaptability. There were only one change of 
entrance, but observations continued for 5 days 
after the change. Thischange differed from 
the first change of Experiment 2 in that the new 
entrance was at a /ower level than the old one; 
in those circumstances there were unsuccessful 
attempts to enter the hive at a point below the 
old entrance, at the height of the new entrance. 
This result is complementary to that which was 
obtained in experiment 2; it indicates that such 
bees were partially re-orientated to height but 
not to other visual components. 


Experiment 1 also demonstrated wide in- 
dividual differences. A few bees always returned 
correctly, while one bee persistently erred for 
three days. One bee erred twice on the fourth 
day, having returned correctly throughout the 
third day (4 trips). 

Exercise flights were seen during the third 
and fourth days of experiment 1. A large 
number of unmarked bees clustered at the 
dummy entrance on the first occasion and a 
substantial but smaller number did so the 
second time. These bees had presumably 
orientated to the original entrance and may 
not have flown again until the exercise occurred. 
On the first occasion a marked bee, which had 
previously made nine correct trips, also landed 
at the dummy entrance; she may have been 
attracted by the cluster there. 

Single unmarked individuals occasionally 
returned to the dummy entrance on the fifth 
day of experiment 1; they could have been 


either non-foragers returning from exercise or. 


foragers recalling memories. 
Discussion and Conclusions 


Bethe (1898) turned a hive through 90° and 
observed that at first a cluster of bees formed 
at the site of the original entrance, but that 
within a few days the bees were flying straight 
to their new entrance. Wolf (1927) reported 
that turning through 90° caused confusion at 
first, but that within a few minutes the bees had 
resumed their normal rate of incoming. However, 
Butler (1949) stated that if a hive is turned 
through 90° a forager will return to the exact 
site of the original entrance and eventually 
run to the new one and that “ultimately she 
learns to fly around to the entrance, but never 
does so directly, always flying to its original 
position first and flying from there round the 


hive to its new location.” 


The present results support and extend those 
of Bethe and Wolf. They demonstrate that the 
honeybee is able to re-orientate very readily in 
response to a slight change in her environment 


. and that shecan learn and unlearn quickly. 


In the present experiments running from the 
old entrance to the new one was not observed, 
because the two entrances were too far apart. 
Running, which was observed by Bethe, would 
occur if the wrongly-alighted bee could smell 
the whereabouts of the new entrance. This 
would have happened if both entrances had 
covered the whole width of the broodchamber, 
instead of occupying distant corners. It is 
unlikely that the introduction of this additional 
stage of re-orientation would have made any 
material difference to the present results, 
although it is possible that a less drastic change, 
involving only a minor detour, would have 
caused less inconvenience and- therefore have 
been less quickly remembered. 


Lubbock (1875) reported considerable differ- 
ences between the learning ability of various 
individuals. The present experiments appear 
to show the same characteristic, yet there was 
no positive correlation between adaptability 
at the first and at the second change of entrance, 
which might have been expected if such differ- 
ences had been a consequence of intrinsic 
factors. One possible intrinsic factor, age, 
certainly had no influence upon adaptability. 
Several extrinsic factors are involved in any 
problem of orientation and there may be 
differences in the order and magnitude with 
which they impinge upon each individual. 


The experiments of Elisabeth Opfinger (1931) 
might explain the rather surprising observation 
that the proportion of correct returns from 
first flights was no higher among those bees 
which had been observed tomake very distinct 
orientation spirals at exitthan among the 
other bees; Opfinger showed that the colour 
and form of a foodplace and its immediate 
vicinity was learned only during the approach 
flight. and that the departure flight served for 
memorising the relation of the foodplace to more 
distant optical marks. Her results, together 
with those of Bethe (1898) and Wolf (1926) 
who had released bees from boxes and shown 
that they returned to the point of liberation 
and not to the box, suggest that the approach 
and departure flights play similar roles in both 
feeding and home-coming. 
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In both experiments the high proportion of 
bees which returned to a point either above or 
below the old entrance, atthe height of the 
new one, demonstrates that visual orientation 
was an important factor and shows that these 
bees could remember the level of the new 
entrance when they had flown from it only 
once or twice. Greater.accuracy in re-orientation 
to height than to other visual factors might be 
associated with the fact that the resolution of the 
honeybee eye in the vertical plane is more than 
three times as good as in the horizontal one 
(Baumgartner, 1928). It is also possible that 
when a bee flies straight out of a new entrance, 
without orientating, any change in height 
would be most readily impressed upon her. 

Wolf (1926) found that when a colony was 
displaced 40 cm. backwards or sideways there 
was always a temporary congestion of bees at 
the original position of the colony, which 
implied that the bees were using landmarks at a 
distance from the colony for orientation. Wolf 
found that coloured fronts to the hive reduced 
the disturbance caused by displacement, and 
that when blotting paper impregnated with a 
plant scent was pinned inside the hive entrance 
and out of sight the congestion at the original 
position of the entrance was reduced consider- 
ably. From comparative trials he concluded that 
scent was more important than colour for 
orientation to the hive. 

Wolf’s experiments involved the addition 
of unusual scents and colours to a colony; 
distinguishing colour is usually not a feature 
of a natural home, while the normal scent of 
the colony is a characteristic the importance of 
which in orientation has not been assessed. 
Kalmus and Ribbands (1952) have proved that 
the foragers of each colony emit a distinctive 
odour by which their companions recognise 
them, and in further experiments Ribbands 
(unpub.) has demonstrated that through this 
mechanism bees at the hive entrance can dis- 
tinguish their companions from other honey- 
bees. It is probable that the colony always has a 
distinctive odour which incoming bees can 
perceive and there is no, doubt that the odour 
is intensified when a group of bees at the 
entrance of the hive fan and expose their 
Nasanov glands, which, as Sladen (1902) 
demonstrated, emit the scent. Scent dispersal at 
the entrance is a frequent accompaniment of 
exercise flights and the present experiments have 
shown that it is very pronounced during re- 
orientation. Kalmus and Ribbands (1952) found 


that when the odour which foragers had emitted 
was divorced from the site to which they had 
been trained the foragers occasionally returned 
to the odour instead of to the site. 


In all the present experiments a significant 
proportion of bees returned correctly to their 
new entrance after their first fiight; this would be 
readily explicable if the colony odour were a 
powerful orientating mechanism, so that for 
these bees it was dominant to their orientation 
by vision and sense of direction. 


The more rapid re-orientation after the second 
change of entrance is relevant to this possibility. 
This occurred although there was much less 
fanning and scent dispersal on the latter 
occasion. One could suppose that odour played 
a more important part in orientation at entrance 
B, so that at C there was less need to re- 
inforce this odour in order to overrule other 
orientation factors. It may have been more 
important because the first change had con- 
ditioned the bees to discriminate between 
odour and vision and to rely on the former. 
It is also possible that smell, a more primitive 
sense than sight, is at first supplemented and 
then supplanted by vision; 60% of the bees 
which had made 4-10 trips from B re-orientated 
without misake, yet only 30% (5 out of 17) 
of those which had made more than 10 trips 
did so. 


Summary 


Groups of foraging bees of known ages 
were marked individually’ and introduced into a 
nucleus hived in a broodchamber. When they 
had been there for either one, three or five days 
the broodchamber was turned through 90° 
and changed in height. Two days later it was 
turned through a further 90°, and the height 
was changed again. 


1. The bees re-orientated quickly and com- 
pletely on the first occasion, and they 
did so still more radiply on the second 
one. 


The ages of the bees had no effect upon their 
adaptability. 


Fanning, with exposure of the scent gland, 
facilitated re-orientation. One third of 
these scent-dispersing bees had returned 
to the new entrance correctly, the others 
incorrectly; they were of all ages. Their 
numbers were proportional to the 
difficulties of re-orientation. 
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4. A considerable proportion of the bees 
returned correctly to their new entrance 
after their first flight, especially after the 
second change. This fact would bereadily 
explicable if colony odour were important 
in orientation, and was at first supple- 
mented and later supplanted by vision. 


5. Bees flying from a new entrance remem- 
bered its height more quickly than its 
position and direction. 


6. Bees recalled memories, especially when 
they were confused by new circumstances. 


REFERENCES 
Baumgartner, H. (1928). Der Formensinn und die 
Sehscharfe der Bienen. Z. vergl. Physiol. 7, 56-143. 


Bethe, A. (1898). Durfen wir Ameisen und Bienen 
psychische Qualitaten zuschrieben? Pflug. Arch. 
ges. Physiol. 70, 15-100. 


Butler, C. G. (1949). Bee Behaviour, Nature, Lond. 


63, 120-2. 

Kalmus, H. & Ribbands, C. R. (1952). The origin of the 
odours by which honeybees distinguish their 
companions. Proc. roy. Soc. B. 140, 50-9. 

Katheriner, L. (1903). Versuche iiber die Art der Orien- 
tierung bei der Honigbiene. Biol. Zbl. 23, 646-60 

Lubbock, Sir John (1875). Observations on Bees, Wasps 
and Ants, II. J. Linn. Soc. Zool. 12, 227-51. 


Opfinger, Elizabeth (1931). Uber die Orienterung der 
Biene an der Futterquelle. Z. vergl. Physiol. 
15, 431-87. 

Romanes, G. J. (1885). Homing faculty of Hymenoptera. 
Nature, Lond. 32, 630. 

Sladen, F. W. L. (1902). A scent-producing organ in the 
abdomen of the worker of Apis mellifica. Entom. 
mon. Mag. 38, 208-11. 


Wolf. E. (1926). Uber das Hiemkehrvermégen der 
Bienen, I. Z. vergl. Physiol. 3, 615-91. 


Wolf, E. (1927). Uber das Hiemkehrvermégen der 
Bienen. Il. Z. vergl. Physiol. 7, 227-54. 


in 
al 
sil 
to 
be 
Si; 
th 
di 
cc 
ay 
m 
ar 
cl 
m 
m 
ni 
it 
cl 
ve 
cl 
th 
m 
m 
h 
th 
h 
th 
ir 
p 
is 
‘ st 
+ 
ir 
re 
th 
sl 
ic 

66 


Lond. 


of the 
their 


Yrien- 
16-60. 
Vasps 


g der 
iysiol. 


ptera. 


in the 
ntom. 


. der 


n der 


Grazing Behaviour in New Zealand 


By J. L. CORBETT 
Rowett; Research Institute, Bucksburn, Aberdeenshire 


Pasture is the main food of sheep and cattle 
in New Zealand. All animals graze out of doors 
all the year round; grass conservation as hay or 
silage, and supplementary cropping, are kept 
to a minimum; and virtually no concentrate 
feeding-stuffs are fed. Consequently grazing 
behaviour studies assume a relatively greater 
significance than in other countries because of 
the essential pastoral nature of animal pro- 
duction. At the same time, however, it is 
important to be clear on the extent to which 
conclusions drawn from investigations into the 
reactions of animals to the sward are directly 
applicable to practical grassland and animal 
management, for interpretations of the signific- 
ance of these grazing habits may indicate 
changes which will result in less, rather than 
more, efficient animal production. Thus maxi- 
mum production and consumption of herbage 
nutrients is obtained by grazing a pasture at 
its most highly nutritive stage, with animals 
close-folded and frequently moved. In this 
way the herbage will remain in the productive 
vegetative stage and further growth will not be 
checked by severe defoliation. Though this is 
the ideal from the viewpoint of pasture manage- 
ment, is it the ideal from the viewpoint of animal 
management, since the animal’s diet will then 
consist largely of highly nutritive and succulent 
herbage ? It is a common observation that under 
these conditions the animal will, if allowed, 
graze for part of its time under the hedgerows 
or on areas of more fibrous grass (termed 
“browse” by Stapledon, 1948) and also on 
herb strips. This is often taken to indicate that 
the animal is not provided with sufficient variety 
in its diet, that it requires a considerable pro- 
portion of mature herbage, and that the sward 
is deficient in mineral content. 

The implications are weighty, for this view 
subsumes that the animals’ ability to produce at 
maximum capacity over long periods depends 
on their “comfort,” and also that by eating 
“browse” and herbs they exhibit nutritional 
instincts or wisdom. Stapledon (1948) in 
referring to animals on modern leys says that 
they are “‘likely to be bored and therefore 
subjected to psychological as well as to physiolog- 
ical strain.”” The conclusion is that since the 
proper task of the grazier is to build up and 


manage his pasture in a manner likely to give 
maximum net profits over a number of years, 
the best way of ensuring this is to provide the 
type of pasture for which the animal shows a 
preference. 


By sowing herbs in the pasture total herbage 
productivity will be reduced, and furthermore 
the provision of “browse” will result in a sward 
of mixed quality that is typical of poor pasture 
management. Very good reasons are required 
before one accepts that a less than optimum 
pasture management is an inevitable accompani- 
ment of animal production from grassland. 


Tribe & Gordon (1952) have shown how 
any generalisation that the grazing animal 
exhibits nutritional wisdom must be treated 
with reserve. Presumably since pastures are only 
mineral-deficient in rare and fairly well-defined 
cases, animals eat herbs for other reasons. 


This leads to a consideration of the relation- 
ship between “comfort” (as indicated by grazing 
behaviour) and economic animal production. 
Hancock (1950a) states that dairy cattle appear 
to be most comfortable and free from digestive 
disturbances on pastures of relatively poor 
quality which provide abundant grazing both 
per acre and per cow. His results show that 
grazing times are very short, the work of collect- 
ing sufficient food being minimal, but rumin- 
ation times are relatively long. However, under 
wholly pastoral conditions of this type, even 
mediocre dairy cattle cannot produce to the 
limit of their inherited ability. On the other 
hand, maximum production per cow on 
pasture is likely to be obtained when the cows 
are provided with abundant pasture of highest 
quality. Again, grazing times are relatively short, 
but in addition rumination times are also short. 
Even good cows are able to produce almost to 
their inherited genetical ceiling, for individual 
lactation yields of 600 Ib. butterfat and herd 
averages of over 400 Ib. per cow on grass alone 
are not uncommon in New Zealand, whilst the 
Dominion average is 240 lb. butterfat per cow; 
yields per acre are of a similar order, the pro- 
duction of 200 Ib. butter fat per acre being the 
aim of any progressive dairyman. Furthermore 
the average productive life of New Zealand 
cows is five lactations, which may be compared 
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with the figure of just over three for British dairy 
cows, given by various workers (Phillips, 1946). 


Though digestive upsets may occur more 
frequently on high quality pasture than on 
poorer quality providing “browse,” against 
this disadvantage must be set the higher pro- 
duction per cow and per acre. Even on high 
quality pastures animals will still be able to 
obtain a limited amount of roughage through 
selective grazing. To quote again from Stapiedon 
(1948) “‘the animal has a well developed instinct 
to graze in patches” and “will frequently do so 
even when first turned into, and confined upon, a 
perfectly homogenous modern, two species 
ey.” 

Thus the most favourable environment as 
judged by an animal’s behaviour is not necessar- 
ily the environment which gives optimal animal 
production. The place of grazing behaviour 
studies in agriculture research and practice is 
illustrated by work of Levy (1935) who showed 
that because cows grazed little between midnight 
and morning milking, feed taint in cream could 
be avoided by grazing those pastures responsible 
for it only during the night. As well as providing 
a solution to a problem of farm management, 
research into the cause of the flavour was 


guided by the observation that it occurred on 
clover-dominant swards. 


Hancock (1950a, b) has done very extensive 
work on grazing behaviour and I am most grate- 
ful to him for allowing meto quote data and 
conclusions from papers he is preparing for 
publication. During the past four years the 
activities of monozygotic cattle twins totalling 
nearly 2,000 cow days have been recorded. 
This work has been carried out as one of a 
series of uniformity trials on monozygotic twins, 


TABLE I. ‘Normal’ and “Twin efficiency” values established by observing 
six sets of uniformly treated lactating monozygotic cattle twins Table 1 
for seven 24-hour periods throughout one season. 


and also to obtain base-line data. In addition 
the interrelationship between grazing behaviour, 
dry matter intake, and milk production has 
been studied as has the influence upon behaviour 
of quantity of grass offered, and rotational or 
set-stocked grazing. 

The use of twins for this work is of particular 
interest; a limitation of previous studies has 
often been that too few animals have been 
used. Since it is logical to assume that, as with 
productive performance, animals will show vari- 
ations in their grazing habits, conclusions based 
on the observations of a few animals may not 
be of general validity, but the use of monozy- 
gotic twins makes it possible to measure the 
degree to which grazing behaviour depends on 
individuality. The differences within sets of 
twins were almost negligible averaging only 
four minutes for grazing, and eight minutes for 
lying down, whereas between sets the range was 
138 minutes for grazing time and 60 minutes 
for lying time. The variance ratio between sets 
gives a twin efficiency value, which (multiplied 
by two) expresses the number of randomly 
selected animals one twin set can replace without 
loss of statistical efficiency. Values found may 
be slightly overestimated since the six twin pairs 
used were not randomly selected, but on purpose 
included the two best and the two poorest 
producing sets available. This was done so as to 
observe cows of widely differing theoretical food 
requirements; calving dates for members of the 
same set were reasonably close. On other 
occasions up to fifteen twin sets were observed 
simultaneously, full 24 hour watches and 
repeated trials on the same animals being 
carried out. Days of “‘unsuitable’’ weather were 
not avoided; observations were made on ran- 
domly selected predetermined dates so that the 
influence of various weather con- 
ditions could be gauged. 
shows “Normal” 
values for various activities estab- 


Activity. “‘Normal”’ value. 


Twin efficiency value. 


lished by observing six sets of 


Time spent : 

grazing 410-9 min. 

loafing 194-6 min. 

lying down 579-6 min. 
Distance covered 3,038 yards 
Number of : 

defaecations 

micturitions 

drinks 


uniformly treated, lactating, 
monozygotic cattle twins for 
seven 24 hour periods through- 
2 out one season. The calculated 
3 twin efficiency values are also 
given. “‘Grazing” includes short 
3 periods of walking whilst selec- 
ting suitable grass for eating, 
and “loafing” means standing 
or walking, not grazing. The re- 
cording technique is such that one 
mancan comfortably record these 
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activities of six cows once a minute during day- 
light and once or twice every five minutes during 
the night. The pastures (about one acre each) 
were divided into ten yard squares by short pegs 


mastication does not vary. 

Apparently the urge to ruminate is not 
always compelling since if cows are disturbed 
whilst ruminating they may stop, and after a 


and the position of the cattle relative to these 


while of idling, revert to grazing. Nor is it 
were sketched on a plan, being exactly fixed 


necessarily the cause of the cyclic pattern, for 


Table II. Results of detailed observations on two sets of monozygotic twins over one 24 hour period. 


Pair 2 


Pair 1 


Activity. Average 


467°3 
23966 


Grazing time (mins.) 

Total no. of bites (grazing) 20538 
50-8 

324:3 347 
358-3 414 


17117 18657 


Average rate of grazing (bites per min.) .... 513 
Rumination time (min.) 
Number of boluses 


Total number of bites 


Average bites per bolus 47°8 
_Tumination time 


Ratio 
grazing time 


0-69 


45-1 


0-86 


every five minutes. 

In addition detailed observations have been 
made on the grazing and rumination habits of 
two sets of monozygotic twins over one 24 hour 
period. Some of these results are shown in 
Table II. 


Metabolic, diurnal and seasonal rhythms 
are evident in the detailed results which these 
tables summarise. Asa _ general rule, New 
Zealand dairy cattle divide their day into two 
two distinct periods : the daylight period when 
grazing is the main activity, and the hours of 
darkness when the main activity is rumination. 
The general pattern is cyclic; three or four 
fairly long periods of grazing occur between 
morning and afternoon milking, each being 
followed by shorter periods of idling or rumin- 
ation. One or two periods of grazing follow the 
afternoon milking, stopping at nightfall unless 
the hours of daylight are very short, and usually 
there is a short period in the middle of the night. 
The most intensive grazing is done immediately 
after each milking, but within each period the 
rate (bites per minute) declines as time proceeds. 
The height of ruminating activity is generally 
reached soon after nightfall but the rate of 


some animals have been observed to delay rum- 
ination until during the afternoon milking. 
The cyclic pattern may be upset if morning 
milking is delayed beyond daybreak, when a 
grazing period will occur. 

Cold windy weather with frequent heavy 
showers, which is fairly common in New 
Zealand dairying districts, shortens grazing 
times, since with each shower the animals 
“drift” with the wind until stopped by a fence 
where they remain motionless with hunched 
backs until the shower passes. The effects of 
warm weather per se can be confused with the 
consequential changes in pasture quality, but 
above 75° F., loafing time increases; the day: 
night grazing ratio is unaffected. The number of 
defaecations, micturitions and, in particular, 
drinks rise as the temperature increases, possibly 
because of thermo-regulatory functions. Distance 
walked also increases, but this may be due to 
irritation by flies. 


The quality and quantity of the pasture 
directly affect grazing and rumination times, but 
other activities, in that they occupy the remain- 
ing time, are only indirectly affected. Rumination 
and grazing times may be expressed individually, 
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and, since they are to some degree inter- 
dependent and mutually restrictive, as a ratio 
rumination time 

grazing time \gt 
per cow and per acre, and of high quality, 
grazing and runiination times are short giving a 


value). On pasture abundant 


low = value; but if the quality is poor the z 
value is relatively high because ofa longer 
ruminating time. Poorand mixed quality pastures 
increase the work animals have to perform 
since on the former, ingested grass necessitates 
longer rumination time, whilst on the latter 
cows lose in efficiency of grazing as they try 
to select material of better quality. Quantitative- 
ly poor pastures result in long grazing times and 


thence short ruminating times, whilst ot Values 


are generally very low. If necessary dairy cows 
may graze up to 10 hours as an average for a 
herd, and individual animals may reach 12 hours 
a day. 

On good pasture the day/night grazing time 
ratio averages 60-40 so that the areas of day and 
night pasture should be in this proportion, 
though the animals may be able to modify 
their habits to some extent. The number of 
defaecations and micturitions show a similar 
60:40 ratio which explains the build up in 
fertility of special night pastures. Since only 
about 3% of total defaecations and micturitions 
occur in the yards at milking, the expenditure 
on equipment for its collection is hardly worth- 
while, although rough treatment increases the 
amounts voided considerably. 

Grazing time is by far the largest source of 
variability due to individuality, and each twin 


set appears to have a specific ™ value. Since 


six twin sets of different productive ability, and 
hence nutritional requirements, were used, the 
effect on grazing or ruminating time could be 
studied. The relationship was far from perfect: 
some sets of twins grazed and ruminated for 
excessively long times relative to other sets 
of similar food requirements, and Hancock & 
Wallace (1947) found a correlation between 
theoretical T.D.N. requirement and grazing 
time over the twelve cows of only +-0.17. Un- 
doubtedly some animals are less efficient grazers 
than others, and one twin set is of particular 
interest because of a narrowness and shortness 
of the lower jaw. One member of the pair which 
was grazed on good pasture and fed 5 lb. con- 
centrates a day gave a lactation yield of 350 Ib. 
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butterfat. Her mate was grazed on an area 40° 
smaller, where consequently the grass was 
shorter, and was given no concentrates. Because 
of anatomical conformation the animal could 
not collect sufficient grass and her lactation 
= was only 100 lb. butterfat (Hancock, 
1948). 


Selectivity is also an individual inherited 
characteristic, for differences in speed of 
grazing (bites per minute) have been found be- 
tween twin sets. A selective grazer compared 
with one unselective but of the same inherent 
productive ability may be at an advantage as 
far as milk production is concerned when 
grazing a mixed quality pasture, since she will 
be able to select only high quality grass. On the 
other hand this will be a disadvantage where 
pasture is in short supply since selective grazing 
will give a lower food in take than non-selective 
grazing. Discrimination against soiled pasture 
is very strong in some animals, who, after a 
few hours grazing in a field, spend the rest of 
their grazing time with their heads through the 
fences apparently trying to obtain clean grass. 
This may be an explanation of the grazing 
of hedgerows. 


Highly significant environment x inheritance 
interactions have been found for most of the 
observations; for example, some sets of twins 
react more strongly to hot weather than others. 
‘**Herd laws” have also been noted, for when 
two herds were pastured simultaneously in the 
same field, but separated by a single wire, one 
herd might all be in the midst ofa grazing 
cycle whilst the other was all loafing or lying. 
The inclination to ruminate can be suppressed 
if most of the other cows continue to graze. 
Gregariousness is a characteristic of cows in a 
pasture, and especially between members of a 
twin pair, although not in every case. 


A “bunting order” similar to the “‘pecking 
order’’ in fowl flocks occurs in herds of cows. 
Animals in one twin pair quite frequently fought 
each other and the contest always ended in a 
draw, a situation not observed in non-twins. 


Calves in New Zealand are out on grass 
almost from birth and will nibble it during their 
first week of life. I observed the behaviour of 
seven pairs of identical twin calves of an average 
age of 11 weeks on a good quality ryegrass and 
clover pasture throughout one 24 hour period 
(Corbett, 1949). The most striking feature was 
that the animals showed a cyclic pattern of 
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behaviour very similar to that of cows. After 
each of the two milk-feeds an intensive grazing 
period of about 60 minutes was followed by a 
short period of idling, after which all animals 
lay down and ruminated. During the day, two 
other grazing cycles ensued. After the evening 
feed, grazing continued until dark, and a*further 
period of 20-40 minutes duration occurred 
between midnight and | a.m. Intensive grazing 
started as soon as it was properly light and 
continued until the morning feeding; but on 
other occasions when calves were called for 
feeding before dawn they were always found 
to be lying down. Apparently calves are highly 
selective grazers since they appear to “muzzle” 
grass to a considerable extent without actually 
eating it, but rate of grazing, particularly at the 
beginning of periods, often reaches 50-60 bites 
per minute. 


The discrepancy between the quantity of 
nutrients fed as milk and various dietary stan- 
dards appropriate to the weight. gains of the 
calves (Jerseys) indicated that they must have 
been eating approximately 10 Ib. of grass daily. 
There was a good level of agreement between 
this estimate and time spent grazing which 
averaged about 44 hours; a further 24 hours 
were spent in grazing of a low intensity com- 
bined with loafing. Rumination occupied, on 
average, a total of about two hours. At what 
age this first becomes an important activity is 
not certain, but three-week old calves, which will 
graze for considerable periods, have been ob- 
served ruminating. 


It is evident that where, as in New Zealand, 
the farming is mainly pastoral, grazing behaviour 
studies are of great value particularly if comple- 
mentary with other studies, and in conclusion 
Hancock (1950a) may be quoted : 


“The almost total reliance on pasture, and the 
great variability of the sward due to seasona 
and human factors seem to justify all the effort 
which can be spared on investigations into the 
animals’ reactions to the sward and other 
environmental conditions.” 


Summary 
(1) The value to the pastoral farmer of 


grazing behaviour studies is considered. It is 
pointed out that an uncritical application to 
farming practice of results obtained is liable 
to result in less efficient animal production from 
grassland. 


(2) Results of investigations by Hancock into 
the grazing habits of monozygotic cattle twins 
are reported as “normal” values for grazing, 
loafing and lying times; distance covered; num- 
ber of defaecations, micturitions and drinks are 
given, as are some figures from a detailed study 
of grazing and rumination habits. 


(3) The behaviour pattern of these animals 
is cyclic, showing metabolic, diurnal and 
seasonal rhythms. The effects of various factors 
—quality and quantity of pasture, weather, 
theoretical food requirements, individuality 
and herd laws—are discussed and some im- 
plications considered. 


(4) Calves at pasture from birth show, from 
an early age, a cyclic pattern of behaviour 
similar to that shown by mature cattle. 


(5) Observations on grazing behaviour are of 
particular value if combined with other studies, 
and also because they indicate further lines of 
research. 
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The Grazing Behaviour of Bullocks Under Two Methods 
of Management 


By J.C. TAYLER 
Grassland Research Station, Stratford-on-A von 


Environmental factors which can influence 
the behaviour of a herd of bullocks may be 
divided under two headings; firstly, the natural 
conditions of climate, including seasonal changes 
and weather; secondly, the system of manage- 
ment of the bullocks. 


Methods of management, the ways in which 
grass, in different quantities and of varying 
quality and palatibility, is offered to the beasts, 
fall into two categories for this purpose. The 
grazing may be uninterrupted from day to day, 
as in free range and rotational systems. Other 
methods exercise some form of daify control over 
the quantity of herbage allowed the bullocks, 
which may be a control of area or of time 
allowed on the grass. The following is an outline 
of behaviour of Hereford-cross bullocks under 
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twenty minutes throughout the day, using 
data from field sheets where the activities of the 
herd are recorded at intervals of four minutes. 
Fig. 1. illustrates the main features of 
behaviour in a herd of eight bullocks for 24 
hours in May, 1949. 


There is a definite “periodicity,” peaks of 
herd grazing alternating with periods spent 
idling or chewing the cud, either standing or 
lying down. The first period of grazing begins 
near sunrise and is normally larger and more 
intensive than succeeding peaks. A_ further 
prolonged and intensive period of herd grazing 
occurs during three or four hours in the evening 
before darkness falls. The grazing “peaks” 
during the middle of the day are variable in 
number and extent from day to day, but there is 
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Fig. 1. Periodicity of Grazing and Cudding in a Herd of Eight Bullocks May, 1949. 


two management systems in these categories. 


In the bullock behaviour studies made at the 
Grassland Research Station up to 1949, the 
animals were normally confined to paddocks of 
from a half to three acres, under a rotational 
grazing system. The general pattern of herd 
behaviour under these conditions, undisturbed 
from day to day, is best illustrated by diagrams 
of the periodicity of grazing and cud-chewing. 
These are histograms showing the number of 
bullocks observed grazing in each period of 


considerable constancy in the time and form of 
the first and last grazing periods. 

Data collected in 1946 by T. E. Williams and 
in 1948 and 1949 by D. Reid show that from 
April to July no less than 93% of total grazing 
was completed during the hours of daylight, 


while the total time spent grazing, per bullock, | 


ranged from 6-8 hours. Much of the time at 
night was spent in chewing the cud, for which the 
times recorded varied from 54 to 94 hours per 
bullock out of the twenty-four hours. The dis- 
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tance walked by individual beasts ranged from 
half a mile to two miles, mostly when actually 
grazing. There was some indication in 1949 
that night-time grazing increased in the autumn 
as the length of day grew shorter. 

This pattern of grazing behaviour has been 
taken as the basic one under conditions where 
no unnatural disturbance has affected the 
bullocks during the 24 hours of observation. 
Varying seasonal and climatic conditions may 
affect one or more of the features of this basic 
pattern. 

The time when grazing began in the morning 
under rotational management was followed by 
K. W. Harker and D. Reid for a group of 
bullocks throughout the grazing season, both in 
1948 and 1949. It was concluded that grazing 
began, in those periods, within about 45 minutes 
either side of the time of sunrise. In 1949, 
grazing during June, July and August began 
much earlier in relation to sunrise than in the 
same months of 1948, coinciding with higher 
mean weekly air temperatures in 1949. It was 
suggested by Harker (in an unpublished thesis) 
that the higher temperatures may have stimulated 
an earlier start to grazing, or may have reduced 
the animals’ grazing time during the day and 
forced them to make up the deficit by starting 
earlier. 

An instance of an exaggerated effect of in- 
clement weather on the start of grazing was 
observed on two groups of bullocks in adjacent 
paddocks in June, 1950. In a heavy downpour 
of rain both groups continued lying or standing 
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for two hours after sunrise, whereas four days 
previously they had been observed, in dry 
weather conditions, to begin grazing within 
twenty minutes of sunrise (03.44 hours G.M.T.). 

Observations in the summer of 1950 have 
indicated that individual groups may have their 
own characteristic time of beginning grazing in 
relation to sunrise. Disturbance due to the gad- 
fly, which reduced grazing during the middle of 
the day would account for an unusually early 
start to grazing observed in July. Of two groups 
watched on five occasions through the season, 
both began grazing five minutes after sunrise 
in May, but at the end of July, when gadding 
was particularly severe during the day, one 
group began 14 hours before sunrise. In three 
groups of yearling cattle observed on the same 
days, grazing began an hour earlier in July than 
on August 2nd, six days later, when no gadding 
was observed. 

The time of sunrise is more than four hours 
later in December than in mid-June, and 
sunset is similarly earlier, so that the “grazing 
day” which may be approximately termed 
“dawn to dusk” is reduced from about 18 hours 
in midsummer to less than 10 hours. This has 
the interesting effect of compressing the grazing 
periods together, and reducing the time spent 
idling during the day. The general appearance of 
the grazing pattern in winter may be seen in 
Figs. 2 and 3 of behaviour recorded in 
December, 1949, on cocksfoot foggage, and 
compared with the summer grazing pattern in 
Figures | and 4. The winter pattern has two 
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Fig. 2. Winter Grazing in Paddocks of Limited Area, Last Full Day of Paddock, 14th December, 1949. 
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Fig. 3. Winter Grazing in Paddocks of Limited Area, First Full Day of Paddock. 16th December, 1949. 


short breaks where the bullocks were weighed, 
which do not affect the comparison. The even- 
ing grazing period in winter may be prolonged 
for up to an hour after dark, but the start of 
grazing on three observed occasions has been 
no more than 50 minutes earlier than sunrise. 
Over the 10 hours of a winter day, figures of 
grazing time per bullock varying from 6.6 to 7.8 
hours, are equal to grazing times recorded on 
many summer days of up to 18 hours. 

Weather conditions may affect both the 
periodicity and intensity of grazing. Cold winds 
or driving rain may cause the animals to stop 
grazing and seek shelter, or they may continue 
to graze at a reduced rate, so that the grazing 
period is prolonged. It is probable that temper- 
ature alone has an effect on grazing only when 
above or below a quite wide range. Attacks of 
gad-fly often coincide with high summer temper- 
atures, and the effect of low temperatures in 
winter is greater when they are accompanied by 
rain, snow, or strong winds. When grazing 
conditions improve after a spell of inclement 
weather the bullocks frequently are able to make 
up at least part of the lost food intake by longer 
or more intensive periods of grazing, either 
later in the same day or in succeeding days. 

Changes in quantity and quality of herbage 
available to bullocks when they are moved from 
one paddock to another may have a direct 
effect on their behaviour. This effect may be 
small in summer, where growth of grass partially 
replaces the quantity grazed, and where pad- 
docks are not grazed down closely. Under 
winter grazing conditions, where the quantity 


of grass is limited and no growth occurs, changes 
in quantity on offer from day to day, are con- 
siderable. In the winter of 1949-50 eight Hereford- 
cross bullocks rising two years old were out- 
wintered on cocksfoot foggage grown in rows two 
feet apart, asin previous years. They were weighed 
twice daily over a continuous period of time 
to follow their daily fluctuations in weight and 
relate them to changes in behaviour under 
varying weather conditions. Their behaviour 
was recorded from beginning to end of the 
daylight grazing period on December 14th, 
the last of six days on an area of threequarters 
of an acre. They were turned into a fresh 
paddock on December 15th, and their behaviour 
again recorded on December 16th, the first full 
day on the fresh herbage. Similar, mild weather 
occurred on both days. Figures 2 and 3, 
showing their grazing and cudding peaks, 
illustrate the difference in periodicity and extent 
of these activities during the day. The most 
striking points are the different proportions of 
time spent grazing in the morning and afternoon, 
and the greatly increased time spent cudding 
on the fresh herbage. 

On the last day of the paddock an average of 
1.7 hours of grazing was completed in the 
morning before weighing, the remainder being 
spent idling, with small “peaks” of cudding. 


On the fresh herbage the bullocks were grazing | 


for 2.5 hours per animal, with a similar small 
peak of cudding. The middle of the day on the 
stale paddock was spent in 100% herd grazing. 
Another large period of grazing followed the 
afternoon weighing, with rumination beginning 


HERD GRAZING AS PER CENT 
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again only after the end of grazing at 17.30 
hours G.M.T. On the fresh paddock, however, 
it seems that a sufficient quantity of herbage 
was consumed in the first grazing peak to 
initiate a long period of cudding, which reduced 
the time available for grazing prior to the 
afternoon weighing. Another long period of 
cudding in the afternoon increased the total 
time per bullock to 1.07 hours in the middle 
of the day, whereas on the stale paddock no 
cudding occurred in that time. The total grazing 
time per bullock was 7.8 hours on December 
14th and 6.6 hours on December 16th, so that 
the change in quantity and quality of grass 
affected both the total times of grazing and 
cudding and their periodicity throughout the 
day. These changes were reflected in the weights 
of the bullocks, due to the difference in quantity 
of grass in the rumen at the two times of weigh- 
ing. A high morning weight on the first day or 
two was followed by lower weights on the 
succeeding days on the paddock as the quantity 
of herbage fell. The afternoon weight on the 
first day did not rise so high as the morning. 
weight. This may be explained, from the grazing 
behaviour diagrams, to be due to the greater 
cudding time and reduced grazing time follow- 
ing the first period of avid grazing in the morning. 


The way in which this pattern of weights was 
repeated serves to confirm that the change in 
periodicity on moving the bullocks occurred 
over a number of paddocks. 

The mean of the two weights on December 14th 
was 900 Ib. while that on December 16th was 
927 lb. Thus there was a smaller intake of 
grass with 7.8 hours of grazing on the limited 
quantity of herbage than in a shorter time 
grazing a higher level of grass. 
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HERD GRAZING AS PER CENT 
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Rate of grazing increases when bullocks are 
turned into a fresh area of grass from a stale 
paddock. Total grazing times do not necessarily 
give an indication offood intake unless rate of 
grazing is taken into consideration. 


In the summer grazing season of 1950, an 
experiment was begun which gave an opportun- 
ity to study the grazing behaviour of bullocks 
under two systems of management but otherwise 
similar environmental conditions. One group 
of eight bullocks was grazing paddocks of two 
acres on a rotational system, while a second 
group was rationed to a strip of about } acre 
of fresh grass each day. In the “‘strip’’ group the 
daily ration was made available between 09.00 
and 09.20 hours G.M.T. (10.00-10.20 hours 
B.S.T.), using an electric fence, while run-back 
over the grazed area of the past six or seven 
days was allowed. A further two groups under 
the same two treatments were in a neighbouring 
field, and it was possible to keep all four groups 
of animals under observation at the same time. 
The groups were watched during the daylight 
period of May 19th, July 26th and 27th, August 
2nd, and September 22nd, and all night on July 
26th. Sometimes the activities of all four herds 
were recorded, giving a total of eight group 
observations for the “rotational” and eight 
for the “strip” management. 


The most marked influence of the “strip” 
management on herd behaviour was in period- 
icity of grazing. Their first main grazing period 
in the morning was delayed until after the 
fence was moved. The grazing up to that time 
was of an individual and desultory nature 
where usually less than half the herd was grazing 
at any one time, while the others were lying 
idle. Results from the eight group observations 
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Fig. 4. Periodicity of Grazing Under Two Systems of Management, ‘‘Rotation Group,” 2nd August, 1950. 
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HERD GRAZING AS PER CENT 
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Fig. 5. Periodicity of Grazing Under Two Systems of Management, “Strip’’ Group, 2nd August, 1950. 


show that an average of 26.3% of the day’s 
grazing was completed by the “rotation” group 
between the start of grazing and three hours 
after sunrise. The average grazing completed 
by the “‘strip” group in the same period was 
only 12.5% of the day’s total. Graphs obtained 
for two groups on August 2nd show the pattern 


grazing occurred in the same three hours 
(Fig. 4). 

On the two days, July 26th and 27th, the 
grazing of all groups was badly upset by gadding 
between 08.00 and 16.00 hours G.M.T., resulting 
in a reduced total time of grazing. Since the 
“strip” groups had not completed a peak of 


Table I. Hours of grazing per bullock from start of grazing to three hours after sunrise. 


| 
Date and group. 


Hours. 


As per cent total day’s grazing. 
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May 16th 


July 26th 
July 27th 


Aug. 2nd 
Sept. 22nd 


DADIAAIAN 
oo 


Average 


“Rotation” 


“Strip” “Rotation” 


oo 


of periodicity under the two managements 
(Figs. 4 and 5). 

Table I gives figures forn grazig up to three 
hours after sunrise on each day of observation 
in hours per bullock and as a percentage of the 
total days grazing. 

When the electric fence was moved to allow 
the “‘strip’”’ group access to fresh herbage they 
went straight on to it to graze avidly, with most 
of the herd grazing together for up to three 
hours. As much as 33% of the total grazing time 
was completed in the three hours on August 
2nd (Fig. 5) compared with 25.5% in the 
“rotational” group, where a complete peak of 


Note. F.36 and F.37 are field numbers representing the two replicates. 


grazing before gadding began, and their peak 
following fence moving was disturbed, their 
total time of grazing per bullock was reduced 
to 5.7 hours, an hour less than that of the 
“rotation groups’’ in neighbouring paddocks. 
These studies have shown that the grazing 
behaviour of bullocks in a herd may be re- 
garded as following a repeated daily pattern 
closely related to environmental factors. Of 
these factors, the varying hours of daylight 
throughout the year produce seasonal changes 
in the basic pattern. Weather and other dis- 
turbances may affect the grazing pattern in 
many minor ways, but next to seasonal effects, 
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those resulting from the system of management 
seem to be the most important. 


Under the two methods of management, 
“rotational” and “strip” grazing, changes in 
behaviour resulting from the system may be due 
to the herbage, through its physical, internal 
effect, as in the instance quoted of winter 
grazing On limited areas. They may also be due 
to a daily disturbance, as in the instance of 
“strip” folding. Under this management the 
animals show definite signs of appreciating that 
a fresh supply of grass will be offered later in 
the morning, and delay their main grazing period 
up to six hours later than it would occur under 
undisturbed conditions. 


Studies of behaviour during the past three 
years have been used at the Grassland Research 
Station to improve the accuracy of results in 
live-weight-increase experiments where bullocks 
are weighed straight from pasture. A knowledge 
of their behaviour pattern makes it possible to 
remove the bullocks from pasture for weighing 
when the “fill” of grass in the rumen is approx- 
imately the same at each weighing. 


Further useful applications of such studies 
may be found in the appraisal of palatibility 
and the possibility of establishing a type of 
grazing management which reduces unnecessary 
expenditure of energy by the bullocks to a 
minimum. 
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Symposium : Behavioural Aspects of Shore Ecology 


The above Symposium was held under the 
auspices of the Association for the Study of 
Animal Behaviour at Queen Mary College, 
London, on Thursday and Friday, 3rd and 4th 
July, 1952. Professor J. E. Smith of Queen 
Mary College acted as Chairman, and the 
Proceedings were divided into four sessions. 
At the first of these, “‘The Upper Shore,” the 
subject was introduced by the Chairman 
following which papers were delivered by J. E. 
Morton, Gillian Matthews, Averil Lysaght. 
The second session, ‘‘Settlement and General 
Shore Ecology,” included papers by D. J. Crisp, 
E. W. Knight Jones, N. A. Holme, and G. E. 
Newell & J. E. Smith. At the third session, 


“Breeding Behaviour of Shore Animals,”’ the 
papers were by D. I. Williamson, Vera Fretter, 
C. M. Yonge and Nancy Duncan. The fourth 
session was entitled “‘Physiology and Behaviour 
of Mid-Shore Animals,” and the papers were by 
A. J. Southward, G. P. Wells, Barbara Upton 
and Margaret B. Harley. 

Members of the Marine Biological Associa- 
tions of Great Britain and Scotland, the 
Challenger Society and the British Ecological 
Society were invited to attend. Reference is 
made in the current Editorial to the success 
of this the first Symposium that has been 
sponsored entirely by the Association. 

Abstracts of the papers presented follow. 


THE BEHAVIOUR OF SOME CREVICE-DWELLING ANIMALS OF THE UPPER SHORE 


By J. MORTON 
Zoology Department, Birkbeck College, University of London 


This paper describes a study of the animals 
living in crevices on an intertidal reef of Dart- 
mouth Slates at Wembury, near Plymouth, 
above the level of Ordnance Datum Zero. 
As many as eight separate types of habitat 
could be recognised, ranging on the shaded 
north aspect, from crevices near the top level 
of Fucus vesiculosus, and, at Mean High Water 
Neap tide level, near the middle of the Chthamalus 
zone, to crevices at the top of the barnacle 
zone at Mean High Water Spring-tide level. 
The second and third types were rich in animals 
of the land-derived element, the first type of 
habitat predominantly marine in its fauna. 
On the unshaded south side conditions were 
found to be a good deal harsher. Crevices 
studied ranged from those at the middle of the 
barnacle zone; those in the zone of black 
encrusting lichen near Extreme High Water 
Spring-tide level; in tufts of the lichen Pygmaea 
pumila, and nestling between barnacles on the 
bare rock face at lower levels; to crevices in the 
Xanthoria-covered topmost rocks. 

A gradient of several ecological factors was 
observed, with changes in vertical height and 
tidal level; with increasing depth and shelter 
within the crevice; and with differences in 


aspect from the shaded north to the exposed 
south side. The factors studied include propor- 
tion of exposure and immersion; relative 
humidity; temperature fluctuations between 
tides; exposure to wave attack; protection from 
light and evaporation; and access to food 
material both from detritus accumulating in 
crevices and from wave-borne phytoplankton. 


The behaviour of the animals of various 
species in response to fluctuating factors of the 
environment, results in a clear-cut vertical 
zonation with tide level, a zonation according 
to depth in the crevice, and a partly distinct 
faunal pattern on the northern and southern 
aspects. Behavioural responses in site selection 
are thus responsible for the characteristic 
ecological structure of the area considered, 


The list of species includes a purely marine 
element with Spirorbis, Cirratulus, Chthamalus, 
Tanais, several isopods, littorinids, Cingula 
and Lasaea; as well as a strong land-derived 
element, to some extent dependent on atmos- 
pheric air. Among these are several mites, the 
insects Petrobius, Lipura, Aepus and Aepophilus, 
as well as Obisiim, Scolicoplanes and _ the 
pulmonates Otina and Leucoph) tia. 
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THE INFLUENCE OF BEHAVIOURAL FACTORS ON THE ECOLOGY AND ORIENTATION 
OF Lepidochitona Cinereus (L.) 


By GILLIAN MATTHEWS 
Department of Zoology, University College, Leicester 


Lepidochitona cinereus occurs commonly on 
rocky and pebbly shores round Britain. It 
occupies a zone from just below Extreme High 
Water Neap tide mark to mean low water mark. 
Despite the fact that at the top of this zone 
it is uncovered for up to nine or more hours 
per tide it is extremely sensitive to desiccation 
and it may be shewn that even the largest 
specimen is unable to withstand exposure to 
wind and sunshine for more than one hour. 
Between tides Lepidochitona typically occurs 
attached to the undersurfaces of stones occupy- 
ing a permanently damp micro-habitat and this 
may be shewn to be an adaptation to inter- 
tidal life dependent on the behavioural responses 
of the animal. 


In brief, the responses of the adult Lepidochit- 
ona include a negatively phototactic reaction 
to directional light rays and an orthokinetic 
reaction to a non-directional light stimulus 
in which the rate of movement increases with 
increasing intensity of illumination. It is 
probable that the orthokinetic response is the 
more important under natural conditions be- 
cause the phototactic response only operates at 
very high light intensities. Conditions of mois- 
ture also affect the movement of Lepidochitona 
and hence the position it typically occupies. 
The animal is unable to move across a com- 
pletely dry surface but observations shew that 
it progresses significantly faster over a moist 
exposed surface than it does over the same 
surface when completely immersed. The im- 
portance of this response in bringing about the 


typical orientation between tides is discussed 
in the next paragraph. Lepidochitona’s response 
to gravity varies according to external con- 
ditions. A specimen completely immersed in 
water exhibits no response to this factor whereas 
one exposed but on a moist surface shows a 
clearly marked positive geotaxis. 


It follows, therefore, that at high tide when 
the stones are completely immersed in water 
Lepidochitona moved freely over them. As 
the tide falls specimens grazing on the upper 
surfaces tend to move downwards geotactically 
and their rate of movement under such con- 
ditions is at a maximum owing to the moist 
surface of the newly exposed stones and the 
relatively high light intensity above them. 
The factors of light, moisture and gravity thus 
interact to bring Lepidochitona downwards to 
a position of relative protection beneath stones 
when the tide is low and to maintain it there 
until the tide is again high and the danger of 
desiccation no longer present. 


There are indications that the free-swimming 
larvae of Lepidochitona are negatively geotactic 
on hatching and later become positively geo- 
tactic: there are also indications that the larvae 
aggregate in regions of low light intensity. 
Metamorphosis is delayed if the animals are 
reared under sterile conditions. There is no 
evidence of gregariousness in settling behaviour. 
Small differences in detail concerning the mode 
of egglaying and also of the time of hatching 
have been recorded between specimens of 
Lepidochitona cinereus from different localities. 


CHOICE OF HABITAT IN Liéttorina Neritoides (L.) 


By AVERIL LYSAGHT 
British Museum (Natural History), London 


Littorina neritoides (L.) is most common in a 
fairly circumscribed area at the upper limit of 
the intertidal zone, but in some localities, 
notably Plymouth, it is more extensively 
distributed and occupies a zone of five vertical 
metres, that is from Extreme High Water Spring 
tide mark to below Average Tidal Level. Thus, 
here, it overlaps the Chthamalus-Balanus zone. 


79 


Like these barnacles, L. neritoides is found only 
on rocks, being most abundant on_ sunlit 
slopes facing south, with a high degree of 
exposure to wave action, and where fucoids 
are scarce or absent. 

It is an Oviparous species and the egg capsules 
are planktonic. At Plymouth spawning takes 
place in the autumn, winter and early spring 
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and most of the capsules appear to be dis- 
charged at spring tides(!). Barnacled rocks 
provide a suitable ground for the metamorphos- 
ing larvae; the latter are less able to withstand 
desiccation than are the adults which are 
physiologically adapted to drought conditions. 
Frenchmen working on these snails have shown 
that their oxygen consumption is five or six 
times higher in water than in air. 


On the top of the Plymouth breakwater 
there are many small cylindrical holes and in 
them a large and flourishing population of 
L. neritoides lives permanently in water. Similar 
holes on the sloping sides of the breakwater 
above the barnacle zone are not occupied. As 
feeding takes place only on wet rocks it is clear 
that these aquatic forms are at a considerable 
advantage, and at Plymouth the largest snails 
(with a maximum height of 10.4 mm.) were 
found in these holes. There are a few other 
records of L. neritoides living permanently in 
water, most of them not quoting particulars of 
the size of the snails. However, in 1951 I was in 
Brittany at the Pointe du Raz and there found 
a small population of these aquatic snails: 
the average size of 44 observed (32 females and 
12 males) was 5.7 mm. while on dry rocks 
at Treboul to the north east the largest snail 
found after days of searching was only 5.4 mm. 
in height. It has been suggested that the large 
size of the snails living in water at Plymouth 
is due to their being parasitized(2). Some 
evidence refuting this has already been pub- 
lished(3) and is strengthened by the fact that 
only one of the snails at the Pointe du Raz 


was parasitized by active cercariae; one other 
contained a single encysted metacercaria. 
Amongst the problems still awaiting solution 
are these two:(!) since L. neritoides obviously 
flourishes when permanently submerged, how 
can selection have exerted sufficient pressure 
to produce the apparent adaptations in spawn- 
ings and other processes that are of obvious 
value only to that part of the population living 
in comparatively dry conditions (2) What 


taxes are responsible for the distribution of the 


snails? It appears that allthe young snails 
migrate upwards but there is some evidence of a 
change of response in older snails. My field 
observations are completely at variance with 
the results obtained by Frankel(4, 5) and _ this 
aspect of behaviour needs to be thoroughly 
re-investigated, and correlated with field obser- 
vations on snails living in water as well as on 
steep dry rock faces. 
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SELECTION OF SITE AND POSITION BY SOME MARINE LARV/Z 


By D. J. CRISP 
Marine Biology Station, University College of North Wales, Bangor 


As the selection of its permanent habitat is 
of greatest importance to the larva of a sessile 
organism, it is not surprising that many larvae, 
when ready to settle, develop special sense organs 
which help them to search for a favourable 
site. The paired eyes of the oyster larva and the 
cyprid, and the statocyst of the ascidian tadpole 
are familiar examples. 

The sequence of events in the settlement of 
marine larvae may generally be divided into 
three stages, at each of which some degree of 
choice may be shown by the larva, viz. 


(i) Swimming towards the surface and 


temporary attachment. 
(ii) Exploration of the surface. 
(ili) Final orientation and fixation. 


A submerged object in the sea, particularly 
in turbid water, usually appears as a dark area 
surrounded by light. Some marine larvae such 
as barnacle cyprids, select such objects because 
they tend to swim towards a dark area in the 
presence of general illumination. On touching 
the surface they may attach. Attachment in 
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Balanus balanoides and Eliminius modestus is 
promoted by the presence of a velocity gradient 
at the surface, but if the velocity gradient is too 
great (about 600 sec-!) it is impossible for the 
larvae to make satisfactory contact. B. balanoides 
attached most readily when the velocity gradient 
normal to the surface was about 100 reciprocal 
seconds. 

After attachment, the larvae exercise further 
selection by exploring the surface, and may 
thereby establish a pattern of settlement quite 
different from the pattern formed by their 
initial attachments. For example if preliminary 
attachment took place on dark areas, but 
limited migration subsequently occurred at 
random, a small scale mosaic of black and 
white squares would show apparently uniform 
settlement, but a larger scale mosaic would show 
that a preference exists for the darker colour, 
as indeed was found by Walton Smith. Similarly, 
if a surface having equally spaced parallel 
grooves is Offered to larvae of Elminius modestus 
(which show low thigmokinesis), the areas 
between the grooves become colonised only if 
the inter-groove distance is great enough to 
prevent some individuals finding their way to 
a groove. In such an experiment moreover the 
pooulation density on a surface with many 
closely set grooves was actually smaller than ona 
plane surface, despite the relatively greater 


attraction of the grooves. Probably many cyprids 
swam off at the sharp convex edges of the 
grooves; but those that reached the groove, 
however, remained there. There is no doubt 
that during the exploratory phase larvae may 
swim off again if the surface is not sufficiently 
favourable for attachment. 


Fixation is often preceded by a characteristic 
pattern of behaviour such as Prytherch described 
for Ostrea, and Knight-Jones for Spirorbis. 
A similar pattern occurs in cyprids. This 
behaviour in each case results in thorough 
exploration of the region where the larva is 
about to settle, usually with a definite orienta- 
tion. In Ostrea the orientation is primarily to 
gravity, and may serve to prevent the aperture 
becoming silted up too readily. In barnacles 
the final orientation on a ridged surface is 
thigmotropic, especially in intertidal species, but 
on a flat surface it is towards the incident light. 
The former may give greater mechanical secur- 
ity, the latter would facilitate the shading reflex. 
Moore suggested that the orientation of cyprids 
is a positive rheotropism imposed by prevailing 
water currents. This feature is not shown by 
the above species; the positive rheotactic 
orientation would render feeding very difficult 
because, after metamorphosis, the cirri would 
beat in the same direction as the current. 


SOME FURTHER OBSERVATIONS ON GREGARIOUSNESS IN MARINE LARVA 


By E. W. KNIGHT-JONES 
Marine Biology Station, University College of North Wales, Bangor 


Cyprids of Balanus balanoides, kept in the 
laboratory, crawl about over surfaces with 
which they come into contact and then swim 
off to visit others. They do not settle readily 
unless they come into contact with settled 
barnacles of their own species, or with the 
cemented bases left on surfaces from which 
these barnacles have been removed. After such 
contact they reconnoitre small areas nearby, 
in which they finally settle. They therefore settle 
on surfaces which bear individuals or bases of 
their own species, in preference to those which 
bear barnacles of other species. Balanus crenatus 
and Elminius modestus behave rather similarly. 

The power of the non-living bases to stimulate 
setting is retained after heating to over 200°, 
but not after 275°, when charring occurs. It 
withstands very prolonged washing in water; 


treatment in cold with caustic alkalis, concen- 
trated acids, pepsin, formaldehyde, benzo- 
quinone, sodium sulphide, phenol, urea, and 
diazotisation; and heating with fat solvents 
and dilute acids. It is destroyed in the cold by 
sodium hypochlorite, which dissolves the bases, 
and by heating with strong acids and alkalis. 
This extraordinary chemical inertness suggests 
that the substance to which the cyprids respond 
is a quinone-tanned protein; and there is other 
evidence that both epicuticle and attachment 
cement of barnacles are quinone-tanned proteins 
like the epicuticle of other arthropods. 
Cyprids kept from contact with adults by a 
barrier of bolting silk, or with bases by a thin 
film of nitrocellulose, do not settle readily. 
Probably they respond to contact only, which 
agrees with the fact that the active substance is 


THE BRITISH JOURNAL OF ANIMAL BEHAVIOUR 


almost insoluble in water. After contact they 
rarely crawl far, and when presented with the 
bases of detached individuals they usually 
settle upon them. But when cyprids were 
presented with barnacles attached to smooth 
glass, which is unfavourable for setting in 
Balanus balanoides, they frequently swam off 
after contact with these, and thereafter proved 
moie ready to settle on separate surfaces 
nearby, which had never borne barnacles. 


Field observations indicated that gregarious- 
ness during setting is a very important factor 
affecting the distribution of barnacles on shores, 
The pioneers, which start the tardy colonisation 
of bare surfaces, may either be individuals which 
have swum from neighbouring crowded surfaces 
(crowded surfaces being unfavourable for set- 
ting), or representatives of a less discriminating 
minority of cyprids, setting without previous 
contact with other barnacles. 


POPULATIONS OF THE COMMON PERIWINKLE ON A FLAT SHORE. 


By G. E. NEWELL and J. E. SMITH 
Department of Zoology, Queen Mary College, London 


The regional distribution of the common 
periwinkle Littorina littorea.L., and the general 
features of its vertical zonation on the shores 
of Britain are well known and have been 
reported upon in a number of accounts. Little 
is known of (1) the precise nature of the factors 
which determine the position of individual 
animals and the population frequency at the 
different shore levels or (2) of the time and 
nature of the movements and migrations by 
which these are achieved. 


Beginning in October, 1951, and thence at 
intervals of three weeks, metre-square samples 
of the winkle population of the Whitstable 
foreshore have been taken from a fixed series 
of stations along a vertical transect with the 
object of determining the composition and 
density of the populations at the various levels 
of the shore over the period of a year. This 
kind of survey provides direct information on 
(2) (above), and furnishes field data which, 
when subjected to analysis under controlled 
conditions, may be expected to throw light 
on (1). 

The survey has shown that during the winter 
months when wave action is often severe and 
the displacements imposed upon the animals 
(as distinct from their spontaneous behavioural 
movements) might be expected to be extensive, 
there is in fact little vertical intermingling of 
the populations of the different levels of those 
parts of the shore with a hard base of bound 
shingle. The constancy of the population 
grouping is shown by the persistence of a similar 
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density of barnacle cover at each station corres- 
ponding roughly to the density of the stone 
cover at the same level. An important exception 
to the absence of vertical movements during 
the winter months is that of the first-year animals 
which the data show to be recruited on to the 
shore from the sublittoral region. Their move- 
ments are truly behavioural and not the result of 
displacement by waves for in the latter circum- 
stance the related L. rudis of similar size and 
habit to the young L. /ittorea would show a 
comparable shift; in fact they do not. 

In the Spring, after spawning, animals of all 
ages tend to move upshore. This active migration 
took place, in 1952, in hot weather and on a 
drying beach when wave action was at a mini- 
mum. It is not therefore thought that exposure 
and danger of desiccation is (as has commonly 
been supposed) a factor which primarily deter- 
mines the vertical distribution of the periwinkle 
on the shore. The occurrence of an abundant 
and suitable microflora at the higher levels at 
the time of active feeding is considered to be 
more directly relevant. 

The survey, though not yet complete, already 
shows that in analysing further the behaviour 
of winkles especial regard must be paid to their 
age, the time of year (correlated with ?temper- 
ature or state of the gonads), the nature of the 
substrate, and the availability of suitable foods, 
as well as to air humidity, direction and intensity 
of light and slope of beach which latter in % 
themselves are not considered as being deter- 
mining factors in defining the vertical distri- 
bution of L. /ittorea. 
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MATING BEHAVIOUR IN THE TALITRIDAE (AMPHIP ODA) 


By D. I. WILLIAMSON 
Marine Biological Station (University of Liverpool), Port Erin, Isle of Man 


Observations on pairing and copulation 
have been made on Talitrus saltator, Talorchestia 
deshayesii, Talorchestia brito, Orchestia gam- 
marella and Orchestia mediterranea, which 
inhabit the high-water region of British shores. 
In all cases reproduction is wholly terrestrial. 

A male will pair only with a recently moulted 
female with eggs in her ovary, recognising her 
apparently by smell. He seizes such a female 
with his antennae and the large claws of his 
2nd gnathopods (Talorchestia and Orchestia) 
or antennae alone (Talitrus). In Talitrus and 
Talorchestia copulation follows almost at once, 
and the female is released after a few minutes, 
often to mate with another male. In Orchestia 
the male carries the female both before and 
after copulation. In carrying, the female’s body 
is held on one side under that of the male, and 
is supported chiefly by one of his large claws 
gripping one of her thoracic coxae. In this 
position the male can run and even jump without 
releasing his mate. In O. gammarella carrying 
is continued for about one hour, during which 
time copulation takes place four or five times; 
in O. mediterranea carrying is continued until 
the eggs are laid (up to 24 hours) although no 
— copulation takes place after the first 

our. 


Fighting between rival males is seen in 
different forms in the different species. 


All species copulate with the body of the 
male curled round the posterior end of the 
thorax of the female so that the ventral surfaces 
are apposed in the region of the genital apertures. 
In the series Orchestia, Talorchestia, Talitrus, 
as the body becomes more stout the antennae 
of the male play an increasingly important part 
in holding the female. The sperm is deposited 
on the ventral surface of the female, and it 
remains inactive until the eggs are laid. The 
time of egg-laying is not influenced by the time 
of copulation, but is determined by the time of 
the moult, occurring about 24 hours after in 
Talorchestia and Orchestia and four days after 
in Talitrus. The eggs are fertilised as they enter 
the brood-pouch, and the first cleavage takes 
place about 15 hours after laying. 


Mating in the Talitridae differs from that in 
aquatic amphipods in that pairing is restricted 
to the period between the moult of the female 
and egg-laying, and “‘carrying” is either modified 
and reduced in time (Orchestia) or practically 
eliminated (Talitrus and Talorchestia). 


SOME ASPECTS OF EGG-LAYING IN INTERTIDAL PROSOBRANCHS 


By VERA FRETTER 
Zoology Department, Birkbeck College, University of London 


The problem of ensuring that eggs are 
protected from adverse, intertidal conditions 
appears to be solved by prosobranchs in a 
variety of ways. In primitive archaeogastropods 
such as Haliotis, Patina and Patelloida, fertilis- 
ation is external, the discharge of sperm from 
the male stimulating the female to spawn: 
eggs are freed singly into the plankton, where 
embryonic and larval life occur, away from the 
habitat of the adult. In mesogastropods fertilis- 
ation is internal, in a restricted area of the 
upper pallial oviduct, and zygotes are embedded 
in nutritive and protective secretions before 
they are liberated. These secretions tend to 
isolate the embryo from its external environ- 


ment; they may form gelatinous masses or be 
moulded into elaborate and resistant capsules. 
In Littorina littorea and L. neritoides capsules 
are planktonic: in the majority of mesogastro- 
pods spawn is fixed near or on the feeding 
ground of the adult, which decreases the chances 
of metamorphosis occurring remote from a 
suitable habitat. The final moulding and 
deposition of the egg mass is done by the 
general surface of the foot, or by a special pedal 
gland as in Trivia and the Stenoglossa—which 
may provide a secretion to harden the outer 
capsule wall. This outer surface is a protection 
against dessication, yet the mollusc must seek 
sheltered places for spawning: Littorina littoralis 
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and Lacuna place gelatinous spawn on fronds 
of brown weed which retain moisture when the 
tide is out; Nucella selects a shady rock surface 
which may form the breeding ground of thirty 
or more individuals. Some carnivorous species, 
feeding on sessile, colonial ascidians or sponges, 
isolate their capsules from the environment in 
which conditions may change suddenly, by 
embedding them in the tissues of their prey: 
Lamellaria perspicua uses the test of Leptoclinum 
and Poylclinum; Trivia monacha presses the 
capsule into holes bitten out of Diplosoma 
and Botryllus; the less elaborate capsules of 
Cerithiopsis are hidden in the tissues of 
Halichondria. The sedentary prosobranchs 
Capulus, Calyptraea and Crepidula show a 
more lasting parental care by the female bunch- 
ing the capsules together and sheltering them 
beneath her shell until the young are ready to 
emerge. 


Viviparity appears to have been evolved 
only once in British marine gastropods— 
though twice in freshwater forms; Littorina 
saxatilis, living well above high-water mark to 
extreme low-water, protects the eggs in a brood 
pouch, formed from the pallial oviduct, until 
they have developed to the crawling stage. 
The eggs are few in number and well yolked 
as compared with other prosobranchs, there 
being approximately 28-37 in each brood. The 
majority of prosobranchs hatch as veligers for 
there are large numbers of eggs provided with 
little yolk. In two species, Natica catena, a 
mesogastropod, and Nucella lapillus, a steno- 
glossan, embryonic cannibalism is practiced: 
the successful embryos obtain sufficient food to 
develop into miniatures of the adult before they 
hatch. In Nucella several hundred, even up to a 
thousand eggs are contained in a capsule, from 
which will creep only twenty young. 


DISTRIBUTION OF INDIVIDUALS IN LAMELLIBRANCH POPULATIONS 


By N. A. HOLME 
The Laboratory, Marine Biological Association, Citadel Hill, Plymouth 


Within a population individuals may be 
distributed in three ways. Very often they are 
aggregated, e.g., in shoals, swarms, etc., but in 
other cases a near-random distribution is found. 
If the space occupied by each individual forms 
an appreciable proportion of the space available 
to it an even distribution tends to result. A 
densely crowded population tends to be com- 
posed of evenly distributed individuals, so does 
one in which each individual occupies a territory 
covering an appreciable area. 


Tellina tenuis, a small deposit feeding lamelli- 
branch, was found to be evenly dispersed in a 
sand-bank in the Exe Estuary. Populations of 
very uniform density were found from low water 
mark up to half-tide mark, a distance of 215 
feet. By plotting the position of each shell in 
squares of 1/10m2 area it is possible to analyse 
the distribution within such squares. By sub- 
dividing into 26 squares of side two inches, the 
number of individuals per small square may be 
compared with a Poisson distribution. In nine 


1/10m2 areas examined there was a tendency 
towards an even distribution, more squares 
than would be expected from the Poisson 
distribution containing one individual. By 
plotting the position of each shell from its 
nearest neighbour it is shown that fewer in- 
dividuals than would be expected occur less 
than one inch from their nearest neighbour, 
and none occur closer than 0.6 inch. 


When the population density was artificially 
increased on the shore the same characteristic 
spacing was found at a moderate density, but 
not at a rather higher density. 


It is suggested that spacing is correlated 
with the foraging activities of the inhalent 
siphon on the soil surface. 


Very dense populations have been found 
by Stephen in other areas, indicating that the 
size of the “territory” does not limit density. 
His results show no evidence of the same 
phenomena as observed in the Exe. 
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FORM AND BEHAVIOUR IN POST-LARVAL LAMELLIBRANCHS 


By C. M. YONGE 
Zoology Department, University of Glasgow 


In lamellibranchs development is typically 
by way of a planktonic larva, first a trochosphere 
and then a veliger with a prodissoconch shell. 
The larva is typically equivalve and equi-lateral. 
The settled, adult lammellibranchs show great 
variety of form and habit. They are often not 
equilateral and sometimes not equivalve. They 
may be attached by a byssus or cementation, 
they may burrow into soft substrata or bore 
into rock or wood, they may be free and on 
occasions may swim. The problem considered 
concerns the habits of the post-larva while the 
dissoconch shell is being laid down, the velum 
is being replaced by the foot as an organ of 
movement and by the gills as organs of feeding. 
Change in form and habit may be gradual or it 
may be sudden. In general the more specialized 
the final habit the quicker will be the changes in 
form and habit in the post-larva. Thus in the 
case of Mya, which burrows, change is very 
gradual, the young crawling about on the 
surface before eventually burrowing, the process 
probably taking a year or more. In Hiatella 


(Saxicava) there is a motile period of up to 
six months prior to permanent boring or byssal 
attachment. During the free period the young 
animals show negative geotaxis and negative 
phototaxis but both are subordinate to strong 
‘low thigmotaxis.’ In the boring Tridacna crocea 
habits are very similar. In the more specialized 
burrowing Ensis and the attached Anomia, 
change to the adult form is relatively quick 
with a correspondingly brief period of un- 
specialized habit. In Ostrea the settled larva 
possesses a foot and crawls about for only 
a few hours or less before becoming cemented 
to the substrata. In the wood-boring Teredo 
there is a similar very short crawling period 
before the animal undergoes a major change 
in form and habit and starts boring. 

Broadly speaking it may be said that the 
greater the evolutionary change the quicker is 
metamorphosis and the more important is the 
behaviour of the post-larva during this vital 
period in the life-history. 


SPAWNING IN Arenieola Marina (L.) 


By NANCY DUNCAN 
Marine Biology Station (University of Liverpool), Port Erin, Isle of Man 


In 1950, Arenicola marina L. was observed to 
spawn at Port St. Mary, Isle of Man, from 
November 14th-16th. Inthesame year spawning 
at both Whitstable and St. Andrews occurred 
between October 24th and 26th, and spawning 
was recorded at Cullercoats in 1924 on Septem- 
ber 23rd and 24th. It was decided to investigate 
these discrepancies by obtaining information 
on the spawning period of Arenicola marina L. 
in 1951 from a number of localities in the 
British Isles. Weekly samples were, therefore, 
obtained from Plymouth, Whitstable and Culler- 
coats in England, Belfast in Ireland, St. Andrews 
and Millport in Scotland, Aberffraw, Llanfair- 
fechan and Dale Fort in Wales, and Port St. 
Mary, Derbyhaven, Strandhall and Port Erin 
in the Isle of Man. 

The time of spawning was determined where 
possible by observing the occurrence of sperm 


puddles on the shore, and, where these were not 
seen, from the coelomic contents of the worms. 
In the latter method spawning is marked by a 
sudden decrease in the percentage of worms 
with ripe ova and sperm plates, and a corres- 
ponding increase in the proportion of ‘spent’ 
or empty worms. While the first method gives 
the dates of spawning exactly, the second only 
fixes it as between two weekly samples. 

It was found that Arenicola marina L. in the 
British Isles spawned in 1951 from the middle 
of October to the beginning of December, and: 
perhaps even later at Belfast as the population 
there had not spawned by November 30th when 
sampling was ended. Each locality spawned at a 
definite period, and the peak spawning occurred 
during the neap tides of October 22nd, Novem- 
ber 7th, November 2lst and December 7th, 
except at St. Andrews where the population 
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spawned during the spring tides of October 
30th. It is interesting to note that the worms at 
Port St. Mary and Derbyhaven, close together 
geographically, spawned during different neap 
tides, one November 21st the other December 
7th. In general, there appears to be a later 
spawning in the populations along the west 
coast of Britain than along the east coast, the 
former spawning in November and December, 
and the latter in October and very early Novem- 
ber. However, there is one striking exception 
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as the worms at Dale Fort in Pembroke spawned 
early during the October 22nd neap tides. 

It was noted that spawning at any one 
place appears to occur at about the same time in 
different years. At Whitstable, the lugworm 
has spawned in the second half of October for 
the past five years. At Port St. Mary, they 
spawned in mid-November during 1950 and 
1951. On the Belgian coast, spawning was 
observed in the first half of October during 
three different years. 


LIMPETS AND WAVE-ACTION 


By A. J. SOUTHWOOD 
Marine Biological Station (University of Liverpool), Port Erin, Isle of Man 


While limpets appear to be the best adapted 
of the littoral mollusca for life on wave-beaten 
rocky shores, they nevertheless show changes 
in their zonation, abundance and size related 
to variation in the intensity of wave-action. 
This is clearly brought out by some observations 
at Port St. Mary, Isle of Man, where wave- 
action is manifested mainly as wash. Patella 
aspera Lamarck (=P. athletica Bean, =P. 
depressa Jeffreys) is absent from the places with 
least wash, and in places with moderate wash 
occurs above Low Water Neap tide level only in 
pools, but in the places with most wash it is 
present up to High Water Neap tide level. At 
the same time the numbers increase with in- 
creasing wash, from about two or three per 
square metre in places with moderate wash to 
over 30 per sq. m. in places with most wash. 


The distribution of P. aspera suggests that 
it is less adapted for life on the shore than its 
relative P. vulgata, generally preferring places 
where there is the least possibility of prolonged 
desiccation. Some experiments in progress 
support this view, for when P. aspera and P. 
vulgata are placed on the bottom of a large bell- 
jar with constant circulation of water, in the 
space of two or three weeks the majority of the 
P. vulgata move up to the water’s edge, generally 
taking up a position half-in and half-out of the 
water, while the P. aspera remain at the bottom. 
The reactions are the same whether or not the 
water is specially aerated. 


At Port St. Mary, the variation in the upper 
limits of P. vulgata is insignificant compared 
with the changes in abundance. Quantitative 
observations made every year since 1949 
have shown that the numbers of limpets increase 
in almost direct proportion to the extent of the 
wave-wash, from about 20 per sq. m. in shelter 
to over 100 per sq. m. in the most wave- 
beaten places. The lengths of the limpets, as 
represented by the means of samples of one- 
square-metre, decrease with increasing wave- 
action, from 35 mm. or over in shelter, to about 
15 mm. in the most wave-beaten places, but at 
the same time the height of the shell tends to 
increase. 


Other evidence suggests that the greater 
numbers of P. vulgata in wave-beaten places is 
partly due to a higher initial settlement of 
young individuals in such places. If the original 
density is maintained, the amount of food 
available to each individual may be restricted: 
this may account for the lower mean length in 
the places with most wave-action. However 
it seems possible that the smaller size in these 
places is due directly to the wave action, which 
may limit the time available for feeding. Observ- 
ations on the behaviour of limpets in the field 
and the laboratory have been begun, and may 
throw light on this and other problems in 
littoral ecology. 
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Under favourable conditions, the behaviour 
of sedentary polychaetes is largely governed 
by inherent timing mechanisms, giving activity- 
time patterns which vary characteristically 
from species to species. Inherent activity- 
time patterns of varying degrees of elaboration 
occur in many animals of different types and 
habits. The polychaetes are favourable material 
for the study ofthis phenomenon for the 


Scoloplos armiger is an intertidal mud-living 
Polychaete spawning in March. The eggs are 
large yolked, and laid in cocoons consisting 
of a capsule of jelly, anchored by an extension 
of the jelly in the substratum. After two weeks of 
development at the expense of the yolk, the 
larvae escape from the cocoon by migration 
down the stalk, or merely through the under- 
side of the cocoon. At this stage the larvae 
are possessed of about eight segments, three 
paired groups of chaetae, girdles of ciliation anda 
rudimentary proboscis and a pair of eye spots. 
Locomotion is effected principally by means 
of the cilia, which are lost soon after hatching, 
but the neuro-muscular apparatus has developed 
sufficiently to enable rudimentary vermiform 
movements to occur, in association with the 
activity of the proboscis. 


The mechanism of the migration effecting 
the escape from the cocoon was found to be 
principally a negative response to light. A 
preliminary experiment showed conclusively 
that larvae prematurely liberated from the 
cocoon and placed in a dish subjected to unequal 
illumination aggregate in the deepest shadow. 
Under uniform illumination of all intensities, 
the larvae remained distributed at random. 
Moreover the negative light response gradually 
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INHERENT-ACTIVITY-TIME-PATTERN IN SEDENTARY POLYCHATES 


By G. P. WELLS 
University College, London 


THE ESCAPE FROM THE COCOON OF Scoloplos armiger 


By BARBARA UPTON 
Department of Zoology, Queen Mary College, University of London 


following reasons: (a) they live in burrows or 
tubes, so the conditions are easy to control 
and standardise; (b) their behaviour is readily 
recorded for many days on end, by kymographic 
registration of the water movements they set up 
in their burrows or tubes; (c) many species 
survive after extensive surgical operations. 


Results obtained with six species were briefly 
reviewed and discussed. 


diminishes in a few weeks after hatching, and is 
completely absent in the adult, in which the 
photoreceptors are also lacking. In the hatching 
larvae, a relationship was established between 
the rate of movement (R) and the intensity of 
illumination (1), and it was found that R=K 
log I. Thus the reaction can be called a negative 
orthokinesis. If the paths of individual larvae 
are plotted, however, it is observed that they 
can appreciate the light gradient and orientate 
themselves away from the source, thus showing 
features of a negative phototaxis. Progress 
consists of some gliding in a straight line away 
from the stimulus, interrupted by periods when 
no forward movement occurs, but the head is 
moved from side to side as if testing the environ- 
ment. The linear velocity when in progress is 
apparently constant, but the effect of the 
orthokinesis is gained by more time being spent 
in progression in a brighter light; thus over a 
period of time the distance travelled is greater. 


It is found that the larvae do not react in any 
way to gravity, to the substratum, or to the 
stalk of the cocoon. Hence it may be concluded 
that the negative light reaction is the chief 
influence effecting the escape from the cocoon, 
and the reaction is soon lost once the larvae 
are established in burrows in the mud. 
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THE FEEDING HABITS OF Nereis diversicolor (O. F. MULLER) 


By MARGARET B. HARLEY 
Department of Zoology, Queen Mary College, University of London 


Nereis diversicolor is a polychaete whose 
structure is often regarded as typical of the 
group known as errant, although its habits 
are in fact fairly sedentary. It burrows into 
estuarine muds, and is most abundant in the 
middle of the tidal reaches of a river. 

There are three different ways of feeding. 
The worm may ingest the surface layers of the 
sub stratum, it may filter-feed o1 it may use 
its jaws to ingest larger particles. 

The surface layer of the substratum is rich in 
diatoms and bacteria, while protozoa, nematodes, 
nemertines, oligochaetes, copepods and various 
small polychaetes also occur. In addition, there 
is a considerable amount of dead organic matter. 
Worms have been seen to emerge partially from 
their burrows and swallow the surface layer 
of the surrounding substratum. When the 
worms themselves are not seen, furrows radiat- 
ing from the burrow openings show where they 
have been feeding.('). 


The filter-feeding mechanism(2) consists of a 
mucous funnel formed from threads secreted 
by the parapodial glands. These threads are 
moulded into a funnel by the setae. The funnel 
extends from the burrow entrance to the 
anterior end of the animal. A current of water is 
drawn through the burrow by the worm’s 
irrigation movements, and particles suspended 
in this current are caught in the mucous funnel. 
The funnel and its entrapped particles are then 
swallowed. The extent to which this mechanism 
is used is not certain; at any one time some 
animals filter-feed while others do not, and a 


worm may filter-feed once only or it may 
continue for several hours. 


The jaws are used occasionally in feeding 
It is recorded that they are used to sieze pieces 
of algae and small dead crustacea and mussels, 
and to drag them down into the burrow. (3, 4). 
The worm may sieze pieces of Mytilus placed 
on the mud surface, and young specimens have 
been known to eat young Arenicola marina. 
On the other hand, an examination of the gut 
contents does not reveal a higher proportion of 
e.g. small copepods than in the surrounding 
substratum, which seems to show that the jaws 
do not play a major part in feeding. 


During the day when the worms are covered 
by the tide they feed intermittently and to a 
variable extent; there are all gradations from a 
nearly full gut to a completely empty gut. 
The worms also feed for most of the time when 
the tide is out, but there is a period just before 
the tide comes up when feeding does not occur. 
In the field the worms feed in this way through- 
out a range of surface mud temperature of 2 to 
20°C. 

REFERENCES. 

1 & 3 Linke, O., (1939). Die Biota des Jadebusenwattes, 
Helgol. Wiss. Meeresunters., Bd. I. pp. 201-348. 

2. Harley, M. B. (1950). Occurrence of a filter-feeding 
mechanism in the Polychaete Nereis diversicolor, 
Nature, Lond. 165, 734. 

4, Thamdrup, H. M. (1935). Beitrage sur Okologie der 
Wattenfauna auf experimenteller Grundlage. 
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Book Reviews 


Ciba Foundation Colloquia on Endocrinology, 
Volume III. Book 1, Hormones Psychology 
& Behaviour. Book 2, Steroid Hormone 
Administration. Gen. ed. G. E. W. 
WOLSTENHOLME. London: Churchill. 1952. 
Pp. xvi + 380. 35s. 


The value of the Ciba symposia reports lies 
less in the array of formal papers by leading 
research workers than in the full and faithful 
records of the ensuing discussions. Book | 
well illustrates this. Thirty experts took part 
in the deliberations and the reader is certainly 
not allowed to escape with the impression that 
only a few unimportant details remain to be 
filled in by subsequent work. The papers are 
chiefly concerned with innate mammatian 
behaviour, though several deal with human 
psychological conditions. While the participants 
included biochemists, physiologists, zoologists, 
anatomists, veterinarians and psychiatrists it is 
evident that they fell into two broad categories; 
the ‘experimentalists’ and the ‘clinicians.’ The 
two groups came into conflict over the precision 
cf such terms as ‘homosexual,’ ‘schizophrenic,’ 
‘depression’ and the scientific value of uncon- 
trolled clinical observations. A special session 
on methodology was arranged at the end of the 
symposium to discuss this cleavage and the 
report of this meeting admirably reflects the 
unsettled state of both method and interpretation 
in behaviour studies. 


The subject matter of the papers covers a 
large field, but gonadal and adrenal cortical 
hormones receive greatest attention. The con- 
tributions are arranged, somewhat arbitrarily 
and unevenly, in four parts. Part 1 ““Psycholog- 
ical and behavioural reactions connected with 
the physiological production of _ steroid 
hormones” (9 papers) provides a fairly thorough 
consideration of recent work on hormonal 
determinants in the development of behaviour 
and in sexual and maternal reactions. It contains 
two papers of unusual interest in that they 
explore territory between that of the ethologist 
and the laboratory experimenter. These are H. 
Hediger’s paper on the reproductive behaviour 
of zoo animals and that of C. P. Richter on the 
effect of domestication on adrenal function 
and behaviour. Part II, “Psychological and 
behavioural reactions connected with patho- 
logical disturbances of steroid hormone pro- 


duction” (7 papers) and Part III, “Psycho- 
logical and behavioural reactions as side 
effects of steroid administration” (2 papers) 
contain case histories of psychopathics and 
other patients, and attempts to correlate 
mental states with endocrine factors. The 
outcome of these discussions has been referred 
to above. Part IV, “The effects of hormones 
on the nervous system” contains a single paper 
by F. A. Beach which brilliantly demonstrates 
the error of the popular notion that hormones 
influence behaviour only by acting on neural 
mechanisms. Book I concludes with a masterly 
summing up by the chairman, S. Zuckerman. 


Book II comprises twelve papers and occupies 
about One third of the volume. One paper by M. 
Klein describes the effects of administration of 
sex hormones on sexual behaviour and there are 
numerous other incidental references to be- 
havioural changes following hormone adminis- 
tration. 


The reader will probably learn more of 
contemporary endocrinology than of behaviour 
from this volume. This is due partly to the fact 
that behaviour is not the primary interest of 
many of the contributors, and partly to the 
nature of the relation of the two subjects. 


* Hormones are not the main factors in behaviour, 


or even (in primates at least) very important 
ones. We are unlikely to understand the nature 
of hormonal intervention until we know much 
more of the neural basis of behaviour. The 
position is further complicated by the undisputed 
fact that the endocrine secretions known to 
influence behaviour are themselves regulated 
by neural mechanisms. It is a virtue of this 
book that none of these difficulties is glossed 
over. The volume is well produced and illus- 
trated. Together with Beach’s ‘Hormones and 
Behaviour’ it constitutes the best up to date 
reference source on the relation of endocrin- 
ology to behaviour. 


B.A.C. 


The Fulmar. By JAMES FisHeR. London : Collins. 
1952. Pp. xv + 496. 48 plates. 35s. 


The author has completed his task with a 
thoroughness that might be described as 
Germanic. The result is a work considerably 
longer then the type of New Naturalist mono- 
graph we have been led to expect. James Fisher 


89 


THE BRITISH JOURNAL OF ANIMAL BEHAVIOUR 


has, however, a style that is extremely readable 
if at times unorthodox. He has been at pains to 
render all facts intelligible to the lay persons, and 
his unique knowledge of the Fulmar enables 
him to state in simple terms facts that might 
otherwise appear obstruse. There is bound to be 
some adverse criticism from professional 
ornithologists, who will question the wisdom of 
including a complete treatise in a series destined 
for such a wide circle of readers. The author has, 
however, his own strong views on this point, 
and indeed the New Naturalist series already 
contains volumes that will become almost 
classics in their own fields, despite their ready 
sale to the public. A feature of this monograph 
is, indeed, its readability. Moreover the implied 
lessons in geography are in themselves refresh- 
ing. 

It would be difficult to select any particular 
portion of this work for special comment. In 
another review there have appeared one or two 
minor corrections to which the present reviewer 
has nothing to add, apart from a typographical 
error on the first line of p. 468. According to 
the information contained in that same sentence, 
a copy of the author’s List of the Fulmar Colonies 


By H. HEDIGER, 
Director, Zoological Gardens, Basle. 
The essence of the book is to sum up 
what is known of the working of the 
minds of animals and. to consider 


captivity in the light of that knowledge 
and not in the light of human feelings. 


“Dr. Hediger’s book will be welcomed 
by that ever increasing number of 
scientists who attempt to study and 
gain a knowledge of animal behaviour.” 


British Veterinary Journal. 


35s. 


Brochure with full list of contents, post free from 
Butterworths Scientific Publications 
88 KINGSWAY - LONDON W.C. 2 


of the World is deposited at the Edward Grey§ 

Institute, and a copy ofhis Bibliography of thea 
Fulmar with the Society for the Bibliography aim 
of Natural History. q 


It is to be hoped most sincerely that those 
who wish to ?cquaint themselves with the 
results of the author’s painstaking work will not™ 
be deterred by its length. The illustrations and 


maps are excellent. Professional ornithologists #im™ 


who are already familiar with the author’s§ 
“A history of the fulmar Fu/marus and its popu-@ 


lation problems,” which appeared in 19524 


(Ibis, 94, 334-254), will probably content thems 
selves with a verification and extension of the 
more interesting points, but they will never-g 
theless find possession of the monograph both 
valuable and pleasurable. 


Books Received 


Reference should be made to the list that 
appeared in Vol. I, No. 1, page 39. 


The Range of Human Capacities. By Davwy 
WECHSLER. London: Bailliére, Tindall 
Ltd., 2e. 1952. Pp. x + 190. 13 illus@ 

s. 6d. 


SOCIAL BEHAViOUR 


IN ANIMALS 


with special reference to Vertebrates 


By N. TINBERGEN 


Lecturer in Animal Behaviour in the 
University of Oxford. 


This important addition to Methuen’s 
Monographs on Biological Subjects is 
a treatise on the biological study of 
animal communities. Dr. Tinbergen 
analyses the various types of social 
co-operation — mating behaviour, 
family and group life, and fighting— 
and discusses inter-species relationships, 
the growth of social systems and the 
evolutionary aspects of social be- 
haviour. 


With 14 halftone illustrations and 67 in line 
12s. 6d. 
METHUEN 
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